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Strategies for Today’s 
Environmental Partnership 


API ENVIRONMENTAL, HEALTH AND SAFETY MISSION 
AND GUIDING PRINCIPLES 


The members of the American Petroleum Institute are dedicated to continuous efforts to 
improve the compatibility of our operations with the environment while economically 
developing energy resources and supplying high quality products and services to consum- 
ers. We recognize our responsibility to work with the public, the government, and others to 
develop and to use natural resources in an environmentally sound manner while protecting 
the health and safety of our employees and the public. To meet these responsibilities, API 
members pledge to manage our businesses according to the following principles using 
sound science to prioritize risks and to implement cost-effective management practices: 


e To recognize and to respond to community concerns about our raw materials, prod- 
ucts and operations. 


e To operate our plants and facilities, and to handle our raw materials and products in a 
manner that protects the environment, and the safety and health of our employees 
and the public. 


e To make safety, health and environmental considerations a priority in our planning, 
and our development of new products and processes. 


e To advise promptly, appropriate officials, employees, customers and the public of 
information on significant industry-related safety, health and environmental hazards, 
and to recommend protective measures. 


e To counsel customers, transporters and others in the safe use, transportation and dis- 
posal of our raw materials, products and waste materials. 


e To economically develop and produce natural resources and to conserve those 
resources by using energy efficiently. 


e To extend knowledge by conducting or supporting research on the safety, health and 
environmental effects of our raw materials, products, processes and waste materials. 


e To commit to reduce overall emissions and waste generation. 


e To work with others to resolve problems created by handling and disposal of hazard- 
ous substances from our operations. 


e To participate with government and others in creating responsible laws, regulations 
and standards to safeguard the community, workplace and environment. 


e To promote these principles and practices by sharing experiences and offering assis- 
tance to others who produce, handle, use, transport or dispose of similar raw materi- 
als, petroleum products and wastes. 
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SPECIAL NOTES 


API publications necessarily address problems of a general nature. With respect to partic- 
ular circumstances, local, state, and federal laws and regulations should be reviewed. 

API is not undertaking to meet the duties of employers, manufacturers, or suppliers to 
wam and properly train and equip their employees, and others exposed, concerning health 
and safety risks and precautions, nor undertaking their obligations under local, state, or fed- 
eral laws. 

Information conceming safety and health risks and proper precautions with respect to par- 
ticular materials and conditions should be obtained from the employer, the manufacturer or 
supplier of that material, or the material safety data sheet. 

Nothing contained in any API publication is to be construed as granting any right, by 
implication or otherwise, for the manufacture, sale, or use of any method, apparatus, or prod- 
uct covered by letters patent. Neither should anything contained in the publication be con- 
strued as insuring anyone against liability for infringement of letters patent. 

Generally, API standards are reviewed and revised, reaffirmed, or withdrawn at least every 
five years. Sometimes a one-time extension of up to two years will be added to this review 
cycle. This publication will no longer be in effect five years after its publication date as an 
operative API standard or, where an extension has been granted, upon republication. Status 
of the publication can be ascertained from the API Authoring Department [telephone (202) 
682-8000}. A catalog of API publications and materials is published annually and updated 
quarterly by API, 1220 L Street, N.W., Washington, D.C. 20005. 

This document was produced under API standardization procedures that ensure appropri- 
ate notification and participation in the developmental process and is designated as an API 
standard. Questions concerning the interpretation of the content of this standard or com- 
ments and questions concerning the procedures under which this standard was developed 
should be directed in writing to the director of the Authoring Department (shown on the title 
page of this document), American Petroleum Institute, 1220 L Street, N.W., Washington, 
D.C. 20005. Requests for permission to reproduce or translate all or any part of the material 
published herein should also be addressed to the director. 

API standards are published to facilitate the broad availability of proven, sound engineer- 
ing and operating practices. These standards are not intended to obviate the need for apply- 
ing sound engineering judgment regarding when and where these standards should be 
utilized. The formulation and publication of API standards is not intended in any way to 
inhibit anyone from using any other practices. 

Any manufacturer marking equipment or materials in conformance with the marking 
requirements of an API standard is solely responsible for complying with all the applicable 
requirements of that standard. API does not represent, warrant, or guarantee that such prod- 
ucts do in fact conform to the applicable API standard. 


All rights reserved. No part of this work may be reproduced, stored in a retrieval system, or 
transmitted by any means, electronic, mechanical, photocopying, recording, or otherwise, 
without prior written permission from the publisher. Contact the Publisher, 

API Publishing Services, 1220 L Street, N.W., Washington, D.C. 20005. 


Copyright © 1998 American Petroleum Institute 
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FOREWORD 


API publications may be used by anyone desiring to do so. Every effort has been made by 
the Institute to assure the accuracy and reliability of the data contained in them; however, the 
Institute makes no representation, warranty, or guarantee in connection with this publication 
and hereby expressly disclaims any liability or responsibility for loss or damage resulting 
from its use or for the violation of any federal, state, or municipal regulation with which this 
publication may conflict. 

Suggested revisions are invited and should be submitted to the Measurement Coordinator, 
American Petroleum Institute, 1220 L Street, N.W., Washington, D.C. 20005. 
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Chapter 19.3—Evaporative Loss Measurement 


PART H—TANK SEALS AND FITTINGS CERTIFICATION—ADMINISTRATION 


0 Introduction 


The purpose of this standard is to provide guidance for the 
administration of the API Tank Seals and Fittings Certifica- 
tion Program. Detailed requirements for this program are 
specified in other parts of API’s Manual of Petroleum Mea- 
surement Standards (MPMS), Chapter 19.3, as listed in the 
reference section below. The standards of the API MPMS, 
Chapter 19.3, collectively describe the certification program 
by which petitioners may have the evaporative loss factors of 
proprietary floating-roof devices measured by laboratories 
that are registered with API for that purpose. 

It is not the purpose of the certification program to specify 
procedures to be used in the design, manufacture, or field 
installation of floating-roof rim seals or deck fittings. Further- 
more, equipment should not necessarily be selected for use 
solely on the basis of evaporative-loss considerations. Many 
other factors—such as tank operation, maintenance, and 
safety—are important in designing and selecting tank equip- 
ment for a given application. 


1 Scope 


This standard illustrates how other standards of the API 
MPMS, Chapter 19.3, referenced below, are integrated into 
the overall certification program, and it presents procedures 
for the evaluations to be performed by API under this pro- 
gram. These evaluations include review of the start-up docu- 
mentation for registered testing laboratories, approval of 
proposed protocol testing for individual devices, monitoring 
of the tests, and analysis of test results. 

This standard may involve hazardous materials, operations, 
and equipment. This standard does not purport to address all 
of the safety problems associated with its use. It is the respon- 
sibility of the user of this standard to establish appropriate 
safety and health practices and determine the applicability of 
regulatory limitations prior to use. 


2 References 


The most recent editions of the following standards contain 
provisions that, through reference in this text, constitute a part 
of this standard. 


API 
Manual of Petroleum Measurement Standards (MPMS) 
Chapter 15 “Guidelines for the Use of the Interna- 


tional System of Units (SI) in the Petroleum 
and Allied Industries” 
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Chapter 19.2 “Evaporative Loss from Floating-Roof 
Tanks” 

Chapter 19.3. Part A, “Wind Tunnel Test Method for the 
Measurement of Deck-Fitting Loss Fac- 
tors for External Floating-Roof Tanks” 

Chapter 19.3. Part B, “Air Concentration Test Method 
for the Measurement of Rim-Seal Loss 
Factors for Floating-Roof Tanks” 

Chapter 19.3. Part C, “Weight Loss Test Method for the 
Measurement of Rim-Seal Loss Factors for 
Internal Floating-Roof Tanks” 

Chapter 19.3 Part E, “Weight Loss Test Method for the 
Measurement of Deck-Fitting Loss Fac- 
tors for Internal Floating-Roof Tanks” 

Chapter 19.3. Part F, “Evaporative Loss Factor for Stor- 
age Tanks Certification Program” 

Chapter 19.3. Part G, “Certified Loss Factor Testing 
Laboratory Registration” 

Publ 2517D Documentation File for API Publication 
2517—Evaporative Loss from External 
Floating-Roof Tanks 

ASTM! 
D 323 Test Method for Vapor Pressure of Petro- 


leum Products (Reid Method) 


3 Terminology 
3.1 DEFINITIONS 


3.1.1 certification petition: The documentation of test 
results submitted to API by a petitioner for the purpose of 
applying for a certified loss factor for a given device. 


3.1.2 certification program: The API Tank Seals and 
Fittings Certification Program, by which petitioners may have 
the evaporative loss factors of proprietary floating-roof 
devices measured by laboratories that are registered with API 
for that purpose; and the review by API, at the petitioner’s 
discretion, of a certification petition for approval and publica- 
tion of a certified loss factor. 


3.1.3 data acquisition: The process of receiving signals 
from the sensors, determining the values corresponding to the 
signals, and recording the results. 


3.1.4 deck: That part of a floating roof which provides 
buoyancy and structure, and which covers the majority of the 
liquid surface in a bulk liquid storage tank. The deck has an 


1 American Society for Testing and Materials, 100 Barr Harbor Drive, West 
Conshohocken, Pennsylvania 19428. 
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annular space around its perimeter to allow it to rise and 
descend (as the tank is filled and emptied) without binding 
against the tank shell. This annular space is closed by a flexi- 
ble device called a rim seal. The deck may also have penetra- 
tions, closed by deck fittings, which accommodate some 
functional or operational feature of the tank. 


3.1.5 deck fitting: The device which substantially closes 
a penetration in the deck of a floating roof in a bulk liquid 
storage tank. Such penetrations are typically for the purpose 
of accommodating some functional or operational feature of 
the tank. 


3.1.6 deck seam: The joint attaching adjacent sheets or 
panels in the floating-roof deck. 


3.1.7 device: A feature of a floating roof such as a deck 
fitting, rim seal, or deck seam where evaporative losses are 
possible. 


3.1.8 floating roof: An apparatus that floats on the sur- 
face of the stored liquid in a bulk liquid storage tank. A float- 
ing roof substantially covers the liquid product surface, 
thereby reducing its potential for exposure to evaporation. 
Floating roofs are comprised of a deck, a rim seal, and mis- 
cellaneous deck fittings. 


3.1.9 instrument: A fixture used in the measurement pro- 
cess to sense, transmit or record observations. 


3.1.10 loss factor: An expression used to describe the 
evaporative loss rate characteristics of a given floating-roof 
device. In order to obtain the total standing storage evapora- 
tive loss rate for a bulk liquid storage tank equipped with a 
floating roof, the sum of the evaporative loss factors for each 
of the individual devices is modified by certain characteristics 
of both the climatic conditions and the stored liquid. The 
characteristics of the stored liquid are expressed as a vapor 
pressure function, the stock vapor molecular weight, and a 
product factor. 


3.1.11 petitioner: A party who seeks to obtain API 
approval for a loss factor for a given device. 


3.1.12 product factor: A factor that describes the evapo- 
rative loss characteristics of a given liquid product. The prod- 
uct factor, the stock vapor molecular weight, and the vapor 
pressure function are multiplied by the sum of the loss factors 
of the individual floating-roof devices to determine the total 
standing storage evaporative loss rate of a bulk liquid storage 
tank equipped with a floating roof. 


3.1.13 protocol test: A test performed in accordance 
with the API approved and published standards and proce- 
dures as applicable and performed by an API-certified testing 
laboratory. 


3.1.14 rim seal: A flexible device attached to the rim of a 
floating-roof deck that spans the annular space between the 
deck and the tank shell. 


3.1.15 rim-seal gap area: The total cumulative horizon- 
tal area of all spaces or openings between the rim seal and the 
tank shell that provide an unobstructed path for a 0.125-inch 
diameter probe to pass freely from a position above the rim 
seal down to the stored product. 


3.1.16 standing storage evaporative loss: Loss of 
stored liquid stock by evaporation past the floating roof dur- 
ing normal service conditions. This does not include evapora- 
tion of liquid that clings to the tank shell and is exposed to 
evaporation when the tank is being emptied (withdrawal 
loss), nor does it include vapor loss that may occur when the 
liquid level is sufficiently low so as to allow the floating roof 
to rest on its support legs. This does include, however, evapo- 
rative losses from the rim seal, deck seams, and deck fittings. 


3.1.17 vapor pressure function: A dimensionless fac- 
tor, used in the loss estimation procedure, that is a function of 
the ratio of the vapor pressure of the stored liquid to average 
atmospheric pressure at the storage location. The vapor pres- 
sure function, the stock vapor molecular weight, and the 
product factor are multiplied by the sum of the loss factors of 
the individual floating-roof devices to determine the total 
standing storage evaporative loss rate of a bulk liquid storage 
tank equipped with a floating roof. 


3.2. UNITS OF MEASUREMENT 
3.2.1 Basic Units 


The unit of length is either the mile, mi, the foot, ft, or the 
inch, in. The unit of mass is the pound mass, pound or lb. The 
unit of force is the pound force, pound-force or Ibf. The unit 
of time is either the hour, Ar, or the year, yr. The unit of tem- 
perature is the degree Fahrenheit, °F, or the degree Rankine, 
°R. The unit of electromotive force is the volt, v. 


3.2.2 Loss Factors 


The unit of reporting loss factors is the pound-mole per 
year, /b-mole/yr. 

The pound-mole per year units of the loss factor (Ky for 
deck fittings or K, for rim seals) do not actually indicate 
pound-moles of vapor loss over time, but rather are units of a 
factor that must be multiplied by certain coefficients (which 
are dimensionless) in order to determine actual pound-moles 
of evaporative loss over time for a given liquid product. To 
convert the pound-mole per year units of the loss factor to a 
loss rate in terms of actual pound-moles per year, the loss fac- 
tor (Ky or K,) is multiplied by the dimensionless coefficients 
P*, which is a function of the product vapor pressure, and 
K,., the product factor. 
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A pound-mole is an amount of a substance the mass of 
which, when expressed in pounds, is equal to the numerical 
value of the molecular weight of the substance. To convert the 
actual pound-moles per year loss rate to pounds per year of a 
given liquid product, the loss rate (Ky or K,)x(P* K,) is multi- 
plied by the molecular weight of the product in its vapor 
phase, M,,, with molecular weight having units of pounds per 
pound-mole. Additional information may be found in the API 
MPMS Chapter 19.2. 


3.2.3 Pressure 


The unit of pressure is the pound-force per square inch 
absolute, designated psia. 


3.2.4 System of Units 


This standard employs the inch-pound units of the English 
system. Values shall be referenced to the U.S. National Insti- 
tute of Standards and Technology (NIST) values (formerly 
the U.S. National Bureau of Standards). The text of this stan- 
dard does not include the equivalent International System of 
Units (SI) values, from the system adopted by the Interna- 
tional Organization of Standardization (ISO), but guidance 
for conversion to SI and other metric units is provided in 
Appendix I. 


3.2.5 Velocity 


The unit of velocity is the mile per hour, designated mi/hr 
or mph. 


3.3. NOMENCLATURE 


Table 1 provides a description of the symbols and units that 
are used in this standard. 


Table 1—Description of the Symbols and Units 


Symbol Description Units 

Ay Constant in the vapor pressure dimensionless 
equation 

B, Constant in the vapor pressure °R 
equation 

K, Product factor dimensionless 

Ky Deck fitting loss factor Ib-mole/yr 

K, Rim seal loss factor ib-mole/yr 

L Deck fitting loss rate for a single Vb/hr 
test 

M, Molecular weight of stock vapor Ib/lb-mole 

P True vapor pressure of the stock psia 

P, Atmospheric pressure psia 
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Table 1—Description of the Symbols and Units 


Symbol Description Units 
Pe Vapor pressure function dimensionless 
T Stock liquid temperature °R or °F 
Vv Wind Speed mi/hr 


Note: See 3.2 for definitions of abbreviations for the units. 


4 Summary of the Certification Program 


The certification program includes certification of testing 
laboratories, preparation for and approval of proposed proto- 
col testing, performance of the tests, and analysis of the 
results. Appendix A illustrates the overall certification pro- 
gram in the form of flow diagrams for the wind tunnel test 
method of API MPMS Chapter 19.3, Part A. 

The requirements for approval by API as a certified testing 
laboratory are specified in Chapter 19.3, Part G. Approval cri- 
teria for certain of the certification demonstrations are pro- 
vided below in Section 5. 

Preparation for a protocol test includes certain responsibili- 
ties of the petitioner, as specified in Chapter 19.3, Part FE, as 
well as certain responsibilities of the testing laboratory, as 
specified in Chapter 19.3, Part G. Section 6 below provides 
guidance for API’s review and approval of the protocol test 
preparation. 

The certified testing laboratory shall perform the protocol 
tests as specified in the test methods of Chapter 19.3. Parts A 
and E of Chapter 19.3 address test methods for deck fittings, 
Parts B and C contain rim seal test methods, and Part D is 
reserved for a deck seam test method. Authority for API to 
conduct audits or routine surveillance of protocol tests is stip- 
ulated in Chapter 19.3, Part G. Guidance for API’s audits and 
inspections are given in Section 7 below. 

Test reports submitted as certification petitions shall be 
reviewed by API for conformance to the testing protocol. Part 
F of Chapter 19.3 identifies requirements for the certification 
petition. API shall analyze the test data attached to acceptable 
petitions and assign certified loss factors to the tested devices. 
Section 8 below contains guidance for API’s review procedure. 

Regardless of the extent to which API inspects, monitors, 
or reviews any step of the certification program, it is the 
responsibility of the testing laboratory to document compli- 
ance with each applicable requirement of Chapter 19.3. Doc- 
umentation of compliance shall always be shown as a 
measured value compared to a specified requirement, rather 
than simply as a statement certifying compliance. 


5 Testing Laboratory Certification 


The process of certifying a testing laboratory under the cer- 
tification program is outlined in Figure A-1 of Appendix A 
below. API’s review of a testing laboratory’s application for 
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certification would typically involve a visit to the testing labo- 
ratory to inspect the construction of the test facility. The 
requirements for a particular test facility are specified in the 
corresponding test method of Chapter 19.3. For convenience, 
API may mark up the drawings of the test facility from the 
test method to show the additional requirements contained in 
the text of the test method. These marked-up drawings may 
then serve as a checklist for determining compliance of the 
test facility with the test method. Figures 1 and 2 illustrate the 
test facility requirements for the wind tunnel test method of 
Chapter 19.3, Part A. 

Chapter 19.3, Part G, 4.4.5 and Section 6 describe the test- 
ing laboratory’s obligation to provide API with electronic 
access to test data on a real-time basis. API specifies the soft- 
ware to be used for this purpose. 

The testing laboratory calibrates the test instruments in 
accordance with the appropriate test method of Chapter 19.3. 
The test methods specify the maximum tolerable error, the 
maximum calibration interval, and the required sensitivity for 
the test instruments. Table 2 illustrates the instrument require- 
ments for the wind tunnel test method of Chapter 19.3, 
Part A. 

The testing laboratory also programs the data acquisition 
system (DAS) as specified in the test methods of Chapter 
19.3. This programming includes corrections for instrument 
bias and temperature effects that may be applicable. The wind 
tunnel test method of Chapter 19.3, Part A, for example, 
requires dead-weight testing of the load cells through a range 
of temperatures in order to establish a load cell temperature 
correction coefficient. Appendix A of Chapter 19.3, Part A, 
describes two procedures for determining this correction 
coefficient. The procedure given in paragraph A.3 of Chapter 
19.3, Part A, shall be acceptable for assigning a temperature 
correction coefficient to a scale or load cell if the coefficient 
of determination, r’, is greater than or equal to 0.99 (or some 
other level approved by API) for the linear regression of mea- 
sured weight loss, W,,; , on the temperature of the load cell, 
Tj Tesulting in the model: 


“a 


Wri =a +dT ij 


This calculation is presented in more detail in B.3.4 of 
Appendix B, which summarizes the statistical calculations 
required by Chapter 19.3, Part A. 

Upon completion of the instrument calibrations and DAS 
programming, the test facility shall be operated to demon- 
strate compliance with the allowable variations specified in 
the test methods. The allowable variations for the wind tunnel 
test method of Chapter 19.3, Part A are summarized in Table 
B-2 of Appendix B. Chapter 19.3, Part A, further requires that 
a velocity profile survey be conducted for the wind tunnel. 
Appendix C of this standard outlines a procedure for the wind 
tunnel velocity profile survey. 
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Having demonstrated that all instruments and equipment 
are functioning within acceptable limits, the testing labora- 
tory shall perform tests of standard devices as required by 
Chapter 19.3, Part G, Paragraph 8.1. Appendix D stipulates 
the standard devices for deck-fitting testing, and specifies the 
method for determining whether the test results are accept- 
able for certifying the testing laboratory. Testing laboratories 
shall notify API of any modifications to their test facilities 
subsequent to their certification by API, as specified in Chap- 
ter 19.3, Part G, Sections 4.2, 4.3, and 8.2. 


6 Preparation for Protocol Testing 


The activities involved in the preparation for protocol 
testing of a particular floating-roof device are outlined in 
Figure A-2 of Appendix A. Chapter 19.3, Part G, Section 9 
describes three scenarios for testing the evaporative loss 
characteristics of floating-roof devices. The first is 
nonprotocol testing, which is done outside the auspices of the 
certification program. The results of such tests are not 
acceptable for submission to API as part of a certification 
petition, and such testing is not subject to approval by API. 

The other testing scenarios described in Chapter 19.3, Part 
G, Section 9, are both subject to the requirements of the certi- 
fication program. The difference between them is in whether 
the petitioner seeks API approval of the test preparation 
before or after the tests are performed. The cost of evaluating 
the evaporative loss characteristics of a device that is not to be 
included with a certification petition may be minimized by 
eschewing prior API review. Should the petitioner ultimately 
choose to submit the device with a certification petition, how- 
ever, there is the risk that the subsequent API review will find 
some aspect of the testing to have been deficient. 


APT’s review includes determining whether the device pro- 
posed for protocol testing is substantially different from all 
other devices previously submitted for protocol testing by the 
petitioner. The results from all tests of devices that are sub- 
stantially the same in configuration, dimensions, and materi- 
als of construction shall be included in the determination of a 
certified loss factor. The API review of variations in construc- 
tion shall include stipulating the combinations of configura- 
tion, dimensions, and materials to be included in the protocol 
testing in order to certify the entire range claimed by the peti- 
tioner. API shall also determine, for the wind tunnel test 
method of Chapter 19.3, Part A, whether any nonsymmetrical 
features of the device warrant testing it in multiple orienta- 
tions. Appendix E provides guidance for the API review of 
preparation for protocol testing. 


7 Performing Protocol Testing 


The activities involved in the protocol testing of a particu- 
lar floating-roof device are outlined in Figure A-3 of Appen- 
dix A. The test methods for the certification program are 
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—_— > 
Air outlet ae 


Top access hatch 


7.3.4 


Test assembly 


Measuring Section 4 


Test item 


Scale 


Window 


Measuring Section 3 Scale support trame 


Pilot tube and vane 
anemometer wind 
speed sensors 


Wind tunnel support 
frame 


TUNE 


Air flow control ERA Test liquid drain 
section connection 
Air flow straighteners 


Bottom access 
opening 


Test liquid 


Measuring Section 2 temperature sensor 


Scale load cell 
temperature sensor 


Measuring Section 1 


Wind tunnel air 
temperature sensor 


Test room air 


° DLO 
Air flow control wn an LOE temperature sensor 
section = 


Air flow straighteners 


Air flow distribution 


mechanism Access hatch 


Transformation piece 


Flexible fabric section Pe aa 


Vibration isolation 
dampers 


Air blower 


Notes: 

1. Perform velocity surveys at 5, 10, and 15 mph (7.3.4.1). 

2. Locate the wind speed sensors in the first or third measuring sections where the measured wind 
speed is within + 5% of the average, but not within six inches of the sides of the wind tunnel (10.5.1). 

3. Citations are to the API MPMS 19.3, Part A. 

4. Air flow straighteners shall be at least two feet long. The first air flow straighteners shall be located 
at least six inches downstream of the air flow distribution mechanism (7.3.4.2). 

5. The five-foot length shown for the measuring sections (measuring stations) is a minimum (7.3.2). 

6. When testing is performed with test items of different sizes in the wind tunnel, larger items are to be 
placed downstream of smaller ones (8.3). 


Figure 1—Elevation View of a Typical Wind Tunnel Test Facility 


Copyright por American Petroleum Institute 
Wed Feb 09 16:55:32 2005 


STD-API/PETRO MPMS 19.3 PART H-ENGL 1998 Mf 0732290 OGb12308 241 ml 


6 CHAPTER 19.3—EVAPORATIVE LOSS MEASUREMENT 


8.5 If rectangular in plan, 
orient long dim. parallel 
to wind 


8.3 Test fitting centered 


Air Inlet 
in wind tunnel —. 


7.3.1 


BD Air outeet a 


Atmospheric i ' 
pressure sensor Wind tunnel 


Top access 
hatch 


Is Data acquisition system Air conditioner 
7.2.2 Dedicated 
_4f ves 


[ temperature controller 
1 


Circulation fan 


a Test room 


insulation 


Note: Citations are to the API MPMS 19.3, Part A. 


Figure 2—-Plan View of a Typical Wind Tunnel Test Facility 


Table 2—Instrument Requirements for the API MPMS 19.3, Part A 


Variable To Be In Sn Maximum Tolerable Maximum Calibration Required Sensitivit Reference 
Measured ype Error Interval ean sarees in Part A 


Weight of the test apparatus Scale +0.1% 3 months + 0.01% of the 10.3 
test assembly wt. 

Time of the observation Clock of the DAS +0.1% 6 months 1 second 10.2 

Wind speed Vane anemometer +5% 6 months 0.1 mph 10.5 
Pitot tube wa wa 

Temperature of the air in the Thermocouple +0.5° F 6 months +0.2°F 10.4 

wind tunnel 

Average bulk temperature of the Thermocouple +0.5°F 6 months +02°F 10.4 

test liquid 

Temperature of the air in the test room Thermocouple +05°F 6 months +02°F 10.4 

Temperature of the scale or load cell Thermocouple +0.5°F 6 months +0.2°F 10.4 

Voltage delivered by the power supply Voltmeter of the DAS +0.1% 6 months 

Atmospheric pressure Pressure transducer + 0.05 psia 6 months 

Notes: 


1. The first four columns are from MPMS, Chapter 19.3, Part A, Table 2. 

2. The accuracy of the instruments shall be demonstrated using NIST-traceable standards, and shall be based on readings indicated by the DAS (MPMS, Chap- 
ter 19.3, Part A, 10.1). 

3. The reference weights shall have certified accuracies of +0.1% (MPMS, Chapter 19.3, Part A, 10.3.2.1). 
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published as separate parts of Chapter 19.3, as referenced 
previously. The application of these test methods is illustrated 
in this standard by reviewing the requirements for the wind 
tunnel test method in Chapter 19.3, Part A. 

While Chapter 19.3, Part G authorizes API to have real- 
time electronic access to the data and to inspect the facility at 
any time, the testing laboratory is solely responsible for the 
accuracy of the data produced. Each demonstration of com- 
pliance with any requirement of the certification program 
shall be documented in a quantified manner (i-c., by stating 
the value of each measurement or observation, and by stating 
the reference value or range to which it compares). 

Each test report shall include documentation of compliance 
with the requirements of the test method itself, as well as doc- 
umentation that all other conditions of the certification pro- 
gram were complied with. These other conditions include 
current certification of the testing laboratory by API to per- 
form that particular test method, documentation of the 
required tests of standard devices, documentation that all 
instrument calibrations were current, and documentation of 
the properties of the test liquid. When n-hexane, technical 
grade or better, is used as the test liquid, the requirement of 
Chapter 19.3, Part A, 7.6.2 is satisfied by monthly testing of 
the Reid vapor pressure in accordance with ASTM D 323. 
The stated concern with respect to preferential evaporation of 
the lighter components is not relevant to a high-purity, single- 
component liquid. When multicomponent test liquids are 
used, however, the Reid vapor pressure shall be measured 
before and after each test. 

Chapter 19.3, Part A, 9.3 and 11.3 indicate that deck fit- 
tings having a relatively high rate of evaporative loss may ini- 
tially experience unstable conditions during testing, due to 
the effect of evaporative cooling on the surface of the test lig- 
uid. A procedure for determining when steady-state condi- 
tions have been achieved is presented in Appendix F. 

Numerous statistical calculations are required in the deter- 
mination of test results. These are summarized in Appendix B 
for the wind tunnel test method in Chapter 19.3, Part A, and 
include the requirement of Chapter 19.3, Part F, 6.3 concern- 
ing limits on the variability of the test results. 

Chapter 19.3, Part F, Section 5 requires the petitioner to 
submit with the certification petition an initial calculation of 
the loss factor coefficients for the tested device. The petitioner 
may arrange for this calculation to be performed by the test- 
ing laboratory. When evaluating loss factors to be obtained 
from the wind tunnel test method, the loss factor coefficients 
shall be determined as specified in Chapter 19.3, Part A, 
Appendix C. 


8 Review of Certification Petitions 


The procedure for API’s review of certification petitions is 
outlined in Figure A-4 of Appendix A. While API’s responsi- 
bility to perform this review is in response to a certification 
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petition, it may conduct portions of the review at some earlier 
time for its own convenience. Certification petitions are first 
reviewed for completeness and compliance with the certifica- 
tion program. This includes reviewing the test preparation if it 
was not approved by API prior to testing, reviewing that all 
certifications, calibrations, and testing of standard devices were 
current and satisfactory, and that all of the documentation 
required in Chapter 19.3, Part F, Sections 4 and 5 is included. 

Documentation of how the test assembly was installed in 
the test facility is compared to the petitioner’s installation 
drawings and procedure, in order to confirm compliance with 
the reference dimensions specified in the test methods. As 
with the procedure for reviewing the test facility, API may 
mark up the test method drawing of the test assembly to show 
the additional requirements contained in the text of the test 
method. The marked-up drawing may then serve as a check- 
list for determining that the test assembly was properly placed 
in the test facility. Figure 3 illustrates the requirements of the 
wind tunnel test method specified in Chapter 19.3, Part A for 
installing a deck-fitting test assembly. 


When a certification petition is found to be acceptable, the 
test results submitted with it are then reviewed for validity 
and consistency of the data. This may include a spot check of 
the data against the encrypted data stream, as described in 
Chapter 19.3, Part G, 4.4.5 and 6.1, and checks of the statisti- 
cal calculations summarized in Appendix B. If no errors are 
found in the data or the statistical calculations, and the vari- 
ability of the test results is within the limits of Chapter 19.3, 
Part F, 6.3, then API reviews the determination of the loss fac- 
tor coefficients. Test results showing very low loss rates shall 
be evaluated to determine whether they exceed the de minimis 
criteria of Appendix G below. Finally, API will evaluate the 
uncertainty in the loss factors as outlined in Appendix H, and 
publish the results as indicated in Chapter 19.3, Part F, 
Section 7. 


9 Specifications for Protocol Testing 


This section specifies test conditions and number of tests 
for certifying each type of device. 


9.1 DECK FITTINGS 


Deck fittings to be certified for use only with internal or 
covered floating roofs shall be tested at the nominal zero mph 
wind speed, in accordance with the test method of either Part 
A or Part E of Chapter 19.3. A minimum of three tests shall 
be performed. 

The minimum test requirements for deck fittings to be cer- 
tified for use with external floating roofs are summarized in 
Table 3. Deck fittings that are orientation-dependent shall be 
tested with the prominent feature oriented at 0, 45, and 90 
degrees to the direction of wind, for each of the nonzero wind 
speeds. That is, for orientation-dependent deck fittings, the 
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Note: Citations are to the API MPMS 19.3, Part A. 


Figure 3—Test Assembly 


number of tests shown in Table 3 at wind speeds other than ing by API. Since these are actual wind speeds at the deck fit- 


zero shall be performed at each of the specified orientations. ting, they correspond to ambient wind speeds at the tank site 

Wind speeds of 4.3 mph, 8.5 mph, and 11.9 mph are speci- of approximately 6 mph, 12 mph, and 17 mph, after applying 
fied to allow comparison to the test results for generic deck the fitting wind-speed correction factor of 0.7 (as specified in 
fittings which were tested at these wind speeds in earlier test - Chapter 19.2, 5.2.2). 


The determination of acceptable variability of the test 


ets at results, as specified in Chapter 19.3, Part F, 6.3, shall be per- 
Table 3—Minimum Number of Tests for Deck Fittings formed at 0 mph for all deck fittings, and additionally at 8.5 


Wind Speed (mph) o! 4.32 8.523 1.92 mph for deck fittings to be certified for use with external 
floating roofs. The limits specified in Chapter 19.3, Part F, 
pombe Ones Z A d Table 3, shall apply for both wind speed conditions. 
Test method (APIMPMS, ParttA PatA PartA  PartA 
Chapter 19.3) or 9.2 RIM SEALS 
Part E 

ar The rim-seal test method described in Chapter 19.3, Part B, 
Notes: ae ; 11.2 specifies that the wind speed levels to be used for testing 
- nes aa zen mph condition is.any.level-or- wind speed less than the evaporative loss rates for rim seals shall be 0 mph, 5 mph, 
2. The number of tests shown shall be performed at each orientation, for 10 mph, and 15 mph. Rim seals to be certified for use only 
orientation-dependent deck fittings. The specified orientations are 0, 45, with internal or covered floating roofs shall be tested at the 
and 90 degrees. ial fe wind dei dara ith the test 
3, The nominal 10 mph wind speed specified in Chapter 19.3, Part F, 6.3, nomunal Zero mph wind speed, in accordance with the tes 
shall be taken as a wind tunnel] wind speed of 8.5 mph for consistency method of either Part B or Part C of Chapter 19.3. A mini- 

: P 

with previous APF testing. mum of three tests shall be performed. 
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The minimum test requirements for rim seals to be certified 
for use with external floating roofs are summarized in Table 4. 
Floating-roof rim seals in actual practice sometimes have 
gaps between the rim seal and the shell of the tank. The 


Table 4—Minimum Number of Tests for Rim Seals 


Wind Speed (mph) o! 5 10 15 
Number of Tests” 3 1 3 1 
Test Method Part B Part B Part B Part B 
(API MPMS 19.3) or 

Part C 
Notes: 


1, The nominal zero mph condition is any level of wind speed less than 
or equal to 0.5 mph. 

2. Each test result shall be determined as the weighted average of evapo- 
rative loss-rate measurements for various rim-seal gap areas, as shown in 
Table 5. 


cumulative area of all such gaps (rim-seal gap area) for an 
individual tank is expressed as the ratio of the total area of 
gaps divided by the diameter of the tank (in2/ft). Each rim- 
seal test result shall be determined as the weighted average of 
evaporative loss-rate measurements for various rim-seal gap 
areas, on the basis of an assumed distribution of rim-seal gap 
areas among the actual tank population for each type of rim 
seal. The rim-seal gap areas to be tested for the determination 
of rim-seal loss factors are summarized in Table 5, as well as 
the assumed distribution to be used in calculating a weighted- 
average test result. 

The determination of acceptable variability of the test 
results, as specified in Chapter 19.3, Part F, 6.3, shall be per- 
formed at 0 mph for all rim seals, and additionally at 10 mph 
for rim seals to be certified for use with external floating 
roofs. The limits specified in Chapter 19.3, Part F, Table 3, 
shall apply for both wind speed conditions. 


Table 5—Rim-Seal Gap Areas’ and Distributions for Average-Fitting Rim Seals 


‘Type of Primary Rim Seal Primary aa Gap Area al oe ae pa a gs 
Mechanical shoe-seal, welded tank shell? 0 0 10 
2.8 0 80 
9.4 10 10 
Mechanical shoe-seal, riveted tank shell? 0 0 5 
2.8 0 60 
9.4 1.0 35 
Liquid-mounted seal” 0 0 65 
13 0 25 
2.6 1.0 10 
Vapor-mounted seal” 0 0 65 
10 0 25 
1.0 1.0 10 
Notes: 


1. A method for the determination of rim-seal gap areas is specified in MPMS, Chapter 19.3, Part B, Section 11. The measured nm-seal gap area for a given 
test shall be within + 10% of the nominal value selected from this table, except for the zero rim-seal gap area, which shall be as described in Chapter 19.3, Part 


B, 11.1.4. 


2. Loss factors for tight-fitting rim seals, as described in MPMS, Chapter 19.2, 5.2.1, shall be based on only the 0 in.7/ft rim-seal gap area. 
3. The potential for rivet heads to hold the metallic shoe of a mechanical-shoe seal away from a riveted tank shell results in an assumption of larger gaps for 


this combination of primary-seal type and tank construction. 
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APPENDIX A—FLOW DIAGRAM OF THE 
CERTIFICATION PROGRAM 


A.1 General 


This appendix provides flow diagrams illustrating the steps of the certification program 
for the wind tunnel test method of Chapter 19.3, Part A. Figure A.1 presents the procedure by 
which a testing laboratory applies for certification. The responsibilities of the petitioner and 
testing laboratory in preparing to perform protocol testing are listed in Figure A.2. Figure 
A.3 outlines the procedure for actually performing the test method, and Figure A.4 is a 
checklist of the steps involved in the review of certification petitions. Citations are to this 
Part H of Chapter 19.3, unless another part is indicated. 


am 


Previous page is blank 
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API CERTIFICATION PROGRAM 
Wind Tunnel Test Methad for Deck Fittings 


Laboratory signs a licensing 
agreement with API 
Laboratory constructs/installs 

the test apparatus 


Laboratory checks out the 
instruments & equipment 


calibrate the 
instruments 


perform dead-weight tests 
of the load cells 


determine the drift rate 
of each load cell 


program the DAS 
(provide APi w/eopy of code) U pana 


10.2, 11.2.3, 12.1, 13.2 


demonstrate that equip. 
operates w/in tolerances 


4.4.5 & Section 6 


Laboratory notifies API of any 
equipment modifications Part G 


4.2.4.3 & 8.2 


Review by API: 


does the apparatus comply 
with test method specs? 


see Figs 1&2 
is the configuration 
as specified? 


do the dimensions 
conform to specifications? 


API specifies data-surveillance 
software 


check calibration req'mnts 
for the planned test methods 
see Table 2 


Statistically 
evaluate load cell 
temp.corr. 


check the documentation 
of minimum detect levels 
PartA 


103.22 see Appendix G 


check output versus 
calibrated standards 


see Table 2 


see B.3.4 


check equip. tolerances see 


spec'd in the test methods Le 
1&2; 


Table B-2; 
Appendix C 


Statistically 
evaluate testing of 
std. device 


see B.3.1& 
Appendix D 


confirm electronic access to 
test data 
determine whether lab startup 
to be repeated 


Figure A-1—Testing Laboratory Certification 
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API CERTIFICATION PROGRAM 
Wind Tunnel Teast Method for Deck Fittings 


Petitioner contracts to 
test a device 


petitioner i.d.'s device & I compare to descriptions 
diff'ces from prior tested devices 


Review by API: 


from previous notifications 


check that claimed difference 
is substantive 


| 

see Appendix E 
j 

| 


determine the minimum test 
config's to certify full range 
see Appendix E 


petitioner submits prop'd 
tolerances & substitutions 
Part F 


4.2 
determine whether to test 
multiple orientations 
petitioner supplies test items 
w/dwgs & instal'n procedure Part F 
4.2 


Lab notifies API27 days confirm that appropriate 
prior to planned testing ! part test method is planned 
4.41 4 see D.4.1 
« | | 


6.1 
I 
I 
I 
lab documents testing of check documentation 
sid.device w/in last 20 runs PantG of std. device testing 
8.3 


API shail perform this review prior to testing if 
requested by the petitioner. If not performed 
prior to testing, however, this API review shall be 
conducted upon submission of a certification 
Part F & PartG | petition, with API retaining all rights of approval. 


Figure A-2—Preparation for Protocol Testing 
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AP! CERTIFICATION PROGRAM 
Wind Tunnel Test Methad for Deck Fittings 


Laboratory assembles, marks, & 
photographs each device 
Part F 
4. 
Lab performs the test methods 3 
per API protocol Part G 


9.3 & 9.4 


For each application of the test method: 


- determine presence of steady state see Appendix F 
conditions. 

- adjust weight loss readings for 
temperature corrections. 

- determine the slope of the correlated 


weight loss curve. 


PartA 


see B.3.4 Appendix A 


estimate the 
uncertainty of the 


see 
loss factor 


B.3.3 
through 
B.3.5 


repeat the test method as 
required by the protocol 


statistical 
test for 
variability 


PartA 
Appendix B 


Part F 
6.3 


perform add'l repeat tests 
as applicable Part F 


petitioner or lab 
calc's prelim. loss 
factor coeff's 


B.3.6 


PatF & PartA 
Section5 Appendix C 


Review by API: 


monitor testing, incl. via 
electronic access to data 


PatG 
4.4.5 & 6.1 


The frequency at which API may monitor 
the testing is at the sole discretion of API. 
While API has the right to access and 
monitor the data, it is not responsible to 
the testing laboratory or the petitioner for 
the accuracy of the data produced. 


Lab stores tested devices, 
documentation & data Part F & PartG 


43 9389.4 


Figure A-3—Performing Protocol Testing 
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a 


API CERTIFICATION PROGRAM 
Wind Tunnel] Test Method for Deck Fittings 


API has the right to perform this review in whole or 
Petitioner directs lab to in part at any time, but is only obligated to do so 
re ae in response to a certification petition. 
a Review by API: 
9.3&9.4 
a check that the lab has current a 
cert'n for planned test method 
Part F 
2.1 


if preparation was not reviewed 
prior to testing, review now 
see Figure A-2 


petitioner certifies appl. is 
accurate & complete 
Pant F 


review data for compliance 
with the test protocol 
Section 5 


Eg is each test result per protocol (incl. notif.)? 
Pate —PartF— 
Section 5 Section 5 


were all related protocol tests reported? 


Part F 


Section 5 


were calibrations maintained as specified? 


see Table 2 


Laboratory notifies API of all 
related protocol tests 


was equip. operated w/in specified tolerances? 
see Table B-2 


did the test assembly ref. dim's comply with spec's? 


see Figure 3 


if elec. signal cond. used, was it used at al! times? 
Part aL if elec. signal cond. used, was it used at all times? _] 


10.3.2.2.3 


were the standard devices tested as specified? 


see Appendix D 


was an operator's log book maintained? 


ParttA 
11.2.4 


API Review of Certification Petition 
continued on next page 


Figure A-4—Review of Certification Petitions 
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API CERTIFICATION PROGRAM 
Wind Tunnel Test Method for Deck Fittings 


Review by API (cont'd): 
review data for validity 
and consistenc 


spot check data against encrypted data stream 


Pan G 
4.4.5 &6.1 


Part A (_ check test liq. prop's (if not n-hexane tech. grade) 


7.6.2, 12.3 & 12.4 


check documentation of steady state conditions 


see Appendix F 


Part A (readings: 30 sweeps w/in 5 min; at hourly intervals? 
10.3.3 & 11.2.3 


was each test at least 24 hours in duration? 


PartA 
11.3 
are the std.dev's of each reading uniformly small? 
see B.3.2 
is 2 for the temperature correction > 0.99? 
see B.3.4 
do all tests of standard devices pass? 
see Appendix D 
Part F check the estimate of uncertainty wrt repeatability 
6.3 see B.3.6 
Part F is the variability w/in acceptable limits? 
6.3 see B.3.6 


evaluate the data 
& determine the results 


Part Al determine the loss factor coefficients 


Appendix C 


compare to de minimis 


see Appendix G 


uncertainty 
analysis of 
loss factors 


see B.3.7 & 
Appendix H 


Figure A-4—Review of Certification Petitions (continued) 
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APPENDIX B—STATISTICAL CALCULATIONS 


B.1 General B.2 Nomenclature 
This appendix provides the equations for the statistical cal- The symbols listed in Table B-1 are used in the statistical 
culations required by the certification program. While the cal- calculations in addition to the nomenclature defined in 3.3. 


culations are illustrated by their application to the wind tunnel 
test method of Chapter 19.3, Part A, they are also generally 
applicable to the other test methods. 


Table B-1—Nomenclature 


Symbol Description and Units 


a is a constant in the correlation of weight change to temperature (pounds). 
d is a factor to correct for variations in the temperature of the scale load cell (pounds per °F). 
Ex is the per unit uncertainty for a variable X (dimensionless); Ey = U,/X . 
PC! is the percent confidence interval, also known as the percent error, and is equal to the per unit uncertainty expressed as a percent, Ey x 100. 
n 2 n n 
? is the coefficient of determination (dimensionless); r= » (X,;-X)(¥,- | mp (X;- x SY, - r) 
i=l i=l i=l 
n ; 0.5 
S is the sample standard deviation (same units as X);_ SS = bx -X)/(n- D, 
ist 
T mi is the measured temperature of the scale load cell at time 1,,; (°F). 
n 
T, is the average temperature of the scale load cell during a test (°F); T= Y : Saree 
i=l 
tni is the time of reading /, (i = 1,2,...,n). 
Kj-22/2.n-1) is the (1-</2) percentile of the student’s ¢-distribution at (n—1) degrees of freedom. For a 95% confidence interval, then, this would be ig,975 


(or fp,925) at (n-1) degrees of freedom. 


Uy is an expression of uncertainty, where a two-sided confidence interval for a variable X is expressed as XU x: 
Wii is the correlated (fitted) weight loss at time #,,; (pounds), also known as W,; . 
Wa is the measured weight loss at time ¢,,,; after correcting for variations in the temperature of the scale load cell (pounds). 
Wri is the measured (observed) weight at time ¢,,; (pounds). 
Wi is the measured weight loss at time ¢,,; (pounds); W,,; = (Wo — Winj)- 
Wo is the initial weight, measured at the beginning of the test period (pounds). 
Z has the same meaning as Uy, and is used for the particular case of the uncertainty in the repeatability of multiple tests at a given level of 


wind speed (i.e., 0 and 10 mph). 


Note: See 3.2 for definitions of abbreviations for the units. 
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18 CHAPTER 19.3—EVAPORATIVE Loss MEASUREMENT 


B.3 Statistical Formulas 


Paragraph B.3.1 addresses the evaluation of test results for 
deck-fitting standard devices. Table B-2 then summarizes the 
data to be collected and the statistical calculations to be per- 
formed for the wind tunnel test method of Chapter 19.3, 
Part A. The statistical calculations referenced in Table B-2 are 
described in B.3.2 through B.3.7 below. 


B.3.1 EVALUATION OF STANDARD DEVICE TEST 
RESULTS 


The testing laboratory shall perform tests of one or more 
standard devices for each test method to be certified. The 
results of these tests shall be compared to the reference values 
for these standard devices. Selection of standard devices and 
procedures for evaluating standard device test results for the 
wind tunnel test method of Chapter 19.3, Part A, are given in 
Appendix D. 


B.3.2 STANDARD DEVIATIONS OF WEIGHT AND 
WIND SPEED 


The sample standard deviation, S, for cach reading of 
weight and wind speed shall be estimated. The measure- 
ments, X;, used to determine S$ are each of the 30 observa- 
tions of the parameter in question at a given hourly reading. 
This is summarized on the first page of Table B-2, in the fifth 
column, and is to be calculated and recorded automatically by 
the data acquisition system (DAS). 


B.3.3 UNCERTAINTY IN THE MEAN OF 
MEASURED VALUES 


The uncertainty of a given variable, X, may be expressed as 
X+Uy. Since hourly readings are recorded for the wind 
speed (V), atmospheric pressure (P,), and test liquid tempera- 
ture (7), the uncertainty for each of these parameters is 
Uy= (1-2/2, n-1))S/ s/n. The values for X; are the hourly 
readings, because the variance in question is for the duration 
of the test, rather than for an individual reading. 

The absolute uncertainty, Uy , is then converted to a per unit 
uncertainty, Ey , by the expression Ey = U,/X . This is sum- 
marized for Ey,Ep , and Ey on the top of the first page of 
Table B-2, in the last column. Note that the sample standard 
deviations recorded in B.3.2 do not enter into this calculation. 


B.3.4 UNCERTAINTY IN THE LOSS RATE FORA 
SINGLE TEST 


In that the loss rate, L, for a given test is assumed to be lin- 
ear, it is obtained as the slope of a linear regression of the 
measured weight loss, W,,;, on time, 4,,;. The measured 
weight loss, W,,,;, is determined as the difference between the 
initial weight, wy, and the measured weight, w,,;, at time 
tj - Readings from the load cell sensing the weight, however, 


Copyright por American Petroleum Institute 
Wed Feb 09 16:55:33 2005 


are affected by variations in the temperature of the load cell. 
These variations are also assumed to be linear, but the slope 
of the temperature-dependent curve varies from load cell to 
load cell. The first step in determining the loss rate, then, is to 
determine the temperature correction factor, d, for the load 
cell to be used. This may be done by measuring a weight of 
known mass over a range of temperature levels, and then per- 
forming a linear regression of the weight change, Wins On 
load cell temperature, T,,,; 


W mi =a+d 13 
where 
a@ = aconstant in the weight change correlation 
(pounds). 
d = the slope of the weight versus temperature 
curve (pounds per °F). 
Tj = measured load cell temperature at time t,,,; (°F). 


W,.; = the estimated (fitted) value of weight change at 
temperature T,,,; (pounds). 


When a value for d is determined by a separate dead- 
weight test, then the weight loss measurements from protocol 
testing of a device are corrected for variations in the load cell 
temperature as follows: 


Wei = (Wad ~ 4 Dini — Ta) 


where 
W.; = corrected value of the measured weight loss at 
time ¢,,,; (pounds). 
T, = average load cell temperature during the test 


period (°F). 


The loss rate, L, is finally determined by a linear regression 
of the corrected weight loss, W,; , on time, ¢,,;, resulting in a 
correlated, or fitted, weight loss, W,; 


Wii = Wei = Lt ni 


where W,; represents the estimated (fitted) value of cor- 
rected weight loss, W,;. 


In order to determine the uncertainty of the loss rate, L, use 
the variance of the slope 


Ss 


¥-¥) 


where X; = tj. 
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The uncertainty of the loss rate, U, , is then 


Ur = (1-2/2, n-2)) (S) 


and E, = ULL. 

This procedure is summarized as the first calculated value 
presented at the end of Table B-2. 

The coefficient of determination, 7”, is an indication of the 
proportion of variation in the data that is explained by the 
temperature of the load cell. As specified in Section 5, this 
separate regression of dead-weight test data to determine d 
shall only be used when the resulting Pr is greater than or 
equal to 0.99 (or some other level approved by API). In all 
other cases, values for d and L shall be determined from a 
simultaneous regression of weight loss on both temperature 
and time, from the protocol testing of a device. This method 
is presented in Section A.5 of the weight loss test methods of 
the API MPMS, Chapter 19.3. 


B.3.5 UNCERTAINTY IN THE LOSS FACTOR FOR 
A SINGLE TEST 


The loss factor for a given test is a normalized expression of 
the loss rate. The per unit uncertainty,E,_, of the loss factor, 
Kp is given in Appendix B of the API MPMS 19.3, Part A as 


Ex, = [Ei + Em t Ey + Ex)" . 

The per unit uncertainty for the loss rate E, is obtained as 
outlined in B.3.4 above. E,. is determined as a function of 
E, and E7, each of which are obtained from B.3.3 above, as 
well as E, and E, , each of which have assumed values 
assigned in Table B-2. The formulas for calculating E>. 
given E pr EnE Ay? and £ a, are given in Chapter 19.3, Part 
A, Sections B.4.1 and B.4.2. Finally, Ey, and Ey are 
assigned assumed values in Table B-2 of this publication. 


B.3.6 VARIABILITY AMONG TEST RESULTS AT A 
GIVEN WIND SPEED 


In addition to estimating the uncertainty of an individual 
test result, Ky, the uncertainty for the average of several tests 
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at a specified level of wind speed shall be estimated. The 
expression for estimating this uncertainty is given in Chapter 
19.3, Part F, 6.3, as 
Ss a 
Jn vn’ 
where each X; in the determination of S is a test result, Ky, at 
the selected level of wind speed. The nominal 10 mph wind 
speed condition specified in Chapter 19.3, Part F, 6.3, shall be 
taken as an actual wind speed level of 8.5 mph for the wind 
tunnel test method of Chapter 19.3, Part A, for consistency 
with previous test results. This procedure is summarized to 
the right of the calculation of the loss factor near the end of 
Table B-2. 

Remembering that Z as defined in Chapter 19.3, Part F, 6.3 
has the same meaning as Uy in B.3.3 above, the per unit 
uncertainty, Ey, could be expressed as Ey = (Z/X). 
Expressing this term as a percent yields the percent error, 
(Z/X)x100, which Chapter 19.3, Part FE, Section 6.3 
defines as the percent confidence interval (PCI). Limits for 
the PCT are specified for various types of deck fittings in 
Chapter 19.3, Part F, Table 3. 

Note that this estimate of uncertainty for the average value 
of the loss factor, K,, at a given level of wind speed is simply a 
function of the repeatability of the tests at that level of wind 
speed, and is not dependent upon the per unit uncertainty of 
the individual test results, E Ky from B.3.5 above. 


Z = (t.025,n-1) ; which is the same as (f9975, 1) 


B.3.7 UNCERTAINTY IN THE LOSS FACTOR FOR 
ATESTED DEVICE 


The uncertainty in the predicted value of the loss factor at a 
given level of wind speed is complicated by the use of a log 
transformation of the data to yield a linear relationship, The 
resulting linear expression is {log(Ky-Ky,) = log(Ky,) + 
m log(V)}. An estimator for the unbiased variance of this 
expression is not readily available. In the alternative, 
Appendix H presents a procedure for comparing the mea- 
sured loss factor at a given level of wind speed to the refer- 
ence value for the type of device in question. 
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APPENDIX C—WIND TUNNEL VELOCITY PROFILE 


C.1 General 


This appendix provides the procedure for performing a sur- 
vey of the wind tunnel velocity profile, as required by Chapter 
19.3, Part A, 7.3.4.1. Surveys shall be conducted at nominal 
wind speeds of 5, 10, and 15 mph with an empty wind tunnel 
as part of the start-up documentation of a testing laboratory 
seeking certification for performing the wind tunnel test 
method of Chapter 19.3, Part A. Following registration by API 
for this test methad, a single velocity profile survey shall be 
conducted every six months at a nominal wind speed of 10 
mph, unless a different schedule is specified by API. 


C.2 Nomenclature 


The symbols listed in Table C-1 are used in this appendix 
in addition to those defined in 3.3. 


Table C-1—Nomenclature 


wind tunnel. The cross section for the reference wind speed 
shall be midway along the length of a measuring station other 
than where the profile is being obtained. 


C.3.2 MEASUREMENT PROCEDURES 


Each reading of wind speed shall be determined by contin- 
uous record averaging over a 30-second time period. Mea- 
surements of the velocity profile shall be obtained using a 
pitot tube, meeting the requirements of Chapter 19.3, Part A, 
10.5. The reference wind speed shall also be measured using 
a pitot tube. Each measurement of wind speed, V,, for the 
velocity profile shall be accompanied by a simultaneous mea- 
surement of reference wind speed, V,.¢. 


C.3.3 DATA ANALYSIS AND RECORD-KEEPING 


The wind speed, V; , shall be divided by the reference wind 
speed, V,f, to obtain a normalized wind speed for each loca- 
tion of the velocity profile. The data shall then be summarized 


ae Reser eran cnc Unt in a table, as illustrated by Table C-2. 
a is the wind speed measured at profile location i in Display the normalized wind speeds, (V;/V,ef), on a grid of 
: the cross section of the wind tunnel (mph). the cross section as shown in Figure C-2. 
; iy/tbe mean Of the wid specde<V; inca at The range of measured values for the reference wind 
profile locations i = 1 through i = n (mph). speed, V,.-, shall be within + 5% of their mean, Vref - The 
; ; ; normalized wind speeds, (V;/V,,¢ ), for all locations shall not 
Veet i ape ihe seats ae oe vary by more than + 40% from their average value, and the 
pecag ete eee pa normalized wind speeds for nonboundary locations (i.c., V} 
7 is the mean of the reference wind speeds, V,.r, through Vj¢ ) shall not range by more than + 20%. 
ref measured with each profile wind speed, V; (mph). 
e is the wind speed at trial location j in the cross C.4_ Location of Wind Speed Sensors 
j tion of the wind tunnel (mph). 
See The instruments for measuring wind speed shall be posi- 
Wiss is the reference wind speed measured with a trial tioned in the wind tunnel as specified in Chapter 19.3, Part A, 
I (re 


location wind speed, V; (mph). 


Note: See 3.2 for definitions of abbreviations for the units. 


C.3 Survey Procedure 
C.3.1 MEASUREMENT LOCATIONS 


The survey of the velocity profile shall be performed at a 
cross section of the wind tunnel midway along the length of a 
measuring station. The profile shall be obtained by measuring 
the wind speed, V;, at each location i on a six-inch square grid. 
The boundary points of the measurement grid shall be located 
three inches from the perimeter of the wind tunnel. Such a 
grid is shown in Figure C-1 for a wind tunnel having cross- 
sectional dimensions of 3 feet by 3 feet. 

During each measurement of wind speed for the velocity 
profile, also record a reference wind speed, V,.¢, which shall 
be measured at the geometric center of a cross section of the 


23 


10.5.1. This includes a requirement for each sensor to be 
located in a position such that it is measuring a value that is 
within + 5% of the geometric average wind speed, V. An 
acceptable cross-sectional position shall be located by mea- 
suring the wind speed, Vi , at a trial location, j, while simulta- 
neously measuring a reference wind speed, Vj (ref The 
Tequirement for the measured wind speed to be within + 5% 
of the average is then evaluated as follows: 


mad 
0.95 < —-) < 1.05 
itrefys V 


If this requirement, as well as the other requirements of 
Chapter 19.3, Part A, 10.5.1, are met, then the trial location is 
acceptable. Document this determination by reporting the 
measured wind speed, V;, and the corresponding reference 
wind speed, V; (ep, for the location selected for each wind 
speed sensor. 


Previous page is blank 
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24 CHAPTER 19.3—EVAPORATIVE LOSS MEASUREMENT 
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Figure C-1—Grid for Velocity Profile Measurements 


Table C-2—Velocity Profile Survey Data 


Location V; Viney V,/ Viep 
1 Nominal Wind Speed ____s mph 
2 Survey Measurement Station No. 
3 Reference Measurement Station No. 
36 05 
=,2 
. bs (V,-¥) 
36 Sample standard deviation = | /=1- 
All locations (V, through V3.) 
minimum 
maximum 
mean Sample standard deviation = mph 
V, through V)¢ (.e., excluding the boundary) 
minimum 
maximum 
mean 
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Figure C-2—Grid Display of Normalized Wind Speeds 
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APPENDIX D—TESTING OF STANDARD DEVICES 


D.1 General 


This appendix illustrates appropriate procedures for test- 
ing standard devices, as required by Chapter 19.3, Part G, 
Section 8. Procedures are specified below for the testing of 
deck-fitting standard devices in accordance with the test 
methods of Chapter 19.3, Parts A and E. The standard 
devices to be tested are selected, and formulas and tables are 
provided to facilitate the comparison of test results with the 
reference values. 


D.2 Selection of Standard Devices 


The standard devices for the testing of deck fittings shall be 
the following: 


D.2.1_ STANDARD DEVICE NUMBER 1 


Standard device number 1 shall be a 3-inch diameter 
adjustable deck leg for the pontoon area of an extemal float- 
ing roof. The deck leg shall be ungasketed and without a 
sock, and the test assembly shall be constructed in accordance 
with fitting number 27 as shown in Figure number B-9 of API 
Publication 2517D, Documentation File for API Publication 
2517. The freeboard of the leg sleeve above the surface of the 
test liquid shall be 18 inches. 


D.2.2 STANDARD DEVICE NUMBER 2 


Standard device number 2 shall be a slotted guidepole with 
no well gasket, no float, no pole wiper, and no pole sleeve. 
The slotted guidepole test assembly shall be constructed in 
accordance with fitting number 21 as shown in Figure num- 
bers B-1 and B-2 of API Publication 2517D. 


D.3 Testing Standard Devices to Calibrate 
the Test Facility 


Standard devices shall be tested as part of the certification of 
a testing laboratory in order to compare the test results of the 
candidate test facility to the reference values. This testing shall 
be performed in accordance with the following procedure. 
D.3.1 PERFORM THE EVAPORATIVE LOSS 
TESTING 


Test each standard device at each of the following wind 
speeds: 0 mph, 4.3 mph, 8.5 mph, and 11.9 mph. Standard 
device number 1, the deck leg, shall be tested at Jeast 3 times 
at each wind speed. Standard device number 2, the slotted 
guidepole, shall be tested at least 3 times at 0 mph, and 3 times 
at each of three orientations at each of the nonzero wind 
speeds. The orientations are defined by the position of the slots 
with respect to the direction of the wind. Tests shall be con- 
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ducted with the slots oriented at 0 degrees (e., a line through 
the center of the slots oriented parallel to the wind direction), 
45 degrees, and 90 degrees (i.e., a line through the center of 
the slots oriented perpendicular to the wind direction). Testing 
of standard devices shall be conducted in full compliance with 
the testing protocol, except as specified in D.3.2. 


D.3.2. EVALUATE THE VARIABILITY OF THE TEST 
RESULTS 


Estimate the percent error (percent confidence interval) of 
the test results as specified in Chapter 19.3, Part F, 6.3. This 
calculation is summarized in B.3.6 of Appendix B. The stan- 
dard devices are not required to be disassembled and reas- 
sembled between tests, but shall be moved to a different 
measuring station after each test (i.e., consecutive tests of a 
given standard device shall not be performed at the same 
measuring station). The percent error (percent confidence 
interval) for each level of wind speed at which the standard 
device is tested shall be within the levels specified for 10 mph 
in Chapter 19.3, Part F, Table 3. For any test series displaying 
greater variability than the specified allowable, three more 
tests of the same standard device at the same level of wind 
speed shall be tested. The data from all six tests shall then be 
used in the comparison to reference values. 


D.3.3 COMPARISON TO REFERENCE VALUES 


The results of the standard device testing shall be com- 
pared to reference values by performing a statistical test of 
the null hypothesis that there is no difference between the 
means of the two samples (i.e., the testing laboratory’s test 
results and the reference data) at a 0.10 level of significance. 
The reference data and required formulas are presented in 
Tables D-1 and D-2. 


D.4_ Periodic Testing of Standard Devices 


Chapter 19.3, Part G, 8.3, requires that at least every 
twentieth protocol test conducted at a test facility be of a 
standard device. 

D.4.1 SEQUENCE FOR TESTING STANDARD 
DEVICES 


Unless notified of a different selection by API, the testing 
laboratory shall perform tests of standard devices at 8.5 mph. 
The first periodic test shall be of standard device number 1, 
the deck leg, followed by standard device number 2, the slot- 
ted guidepole, with the slots oriented first at 0 degrees, then at 
45 degrees, and finally at 90 degrees. The selection shall then 
return to standard device number 1, again at 8.5 mph, and the 
sequence shall be repeated. 
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D.4.2. EVALUATION FOR TRENDS 


The testing laboratory shall maintain records of all results 
of standard device testing. Following the third periodic test of 
a standard device, the testing laboratory shall maintain 


records of trends in the test results. Trends shall be investi- 
gated by performing a linear regression of the data after each 
additional periodic test of that device, and comparing the 
slope of the regression curve to zero. 


Table D-1A—Standard Device Number 1 


Deck Leg—EFR Pontoon Area (18-inch sleeve freeboard) No Gasket or Sock 


Wind Speed = 0 mph 


Reference Data 
Loss Ra Test Liquid P P a M, Loss F 
ss Rate est Liqui ‘a . . Y ss Factor 
Test Prog. Ftg. No. . ! di - 
est Prog. tg. No. Test No L (lb/hr) Temp., (7, °F) (psia) (psia) ¢ ras (Ibib-mole)  K;(Ib-mole/yr) 
1993 5 Z25 0.0007506 67.75 2.07 14.4 0.039 86.2 1.97 
1984 27 15B 0.000675 75.3 2.49 14.4 0,047 86.2 1.45 
Xref = L71 
2 
Sop = 0.136 
Nref = 2 
Calibration Data 
Loss Rate Test Liquid P P aa M Loss F 
ss Rate est Liqui A , : ss Factor 
Test Prog. Fig. No. Test No. : dit - y 
eee ENO UNENSLtbfas) Temp. (°F) (psia)——(psia) ™ abtb-mole) Ky (b-mole/st) 
initial SD-1 Al Kyat 
~ SD-1 A2 Kyo 
SD-1 A3 Ks 
“ SD-1 An Kran 
where 
Loss Rate, L the slope of the correlated weight loss curve, from the test data (lb/hr), 


(T, °F) = the average temperature of the test liquid, from the test data (°F), 
P= 


the true vapor pressure of the test liquid (psia). 


P= en[A,-qeas| 


where 


(T, °R) is the temperature of the test liquid (°R); (Z, °R) = (7, °F) + 459.67, 
A, is a constant (dimensionless). Ap = 13.824 for n-hexane, 


B, is a constant (°R). B, = 6907.2 (°R) for n-hexane. 


P,, = the average atmospheric pressure, from the test data (psia), 


P,, for the reference data is taken as 14.4 psia, based on an elevation of 630 ft. for Plainfield, TL, 


P* is a vapor pressure function (dimensionless). 
pew — (PP) 

2 
{1+[1-(P/P,)1"°} 


M, = the molecular weight of the test liquid vapor, assumed to be 86.2 lb/lb-mole for technical grade n-hexane (Ib/Ib-mole). 


v 
Loss Factor, K, = the normalized loss rate on a yearly basis (Ib-mole/yr). 


_ Lx (24 hrfday) x (365.25 days/yr) 


K 
Z (P*)x(M,) 
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Statistical Calculations: 


Xeat = the mean of the loss factors for the calibration tests, Kya; . 


Neal 


YK ui 


2 =I 
Xeat = = — 
Neal 
Negi = the number of calibration tests, 
Neqh 2 3, 


Sg) = the mean squared error of the calibration tests. 
Meat 


YK pai Keat)” 


- i=l 


cal (eal -1) 
S', = the pooled variance. 


2 2 
2 ("ef ei Sef g (ng; 1)S cat 
Nreg + Neal 2 
t = the test statistic. 
- Xper- X.al 
1 1 


5, —+— 
Nef Neal 


t 


Degrees of freedom for the student’s t-distribution: (7t,,¢+ Mogy — 2). 
The calibration test is acceptable if + < 10.95, (n 


ref +8 cgi ~ 2)° 


Table D-1B—Standard Device Number 1 


Deck Leg-—-EFR Pontoon Area (18-inch sleeve freeboard) No Gasket or Sock Wind Speed = 4,3 mph 
Reference Data 
Loss Ra Test Liquid P P. i M Loss F 
ss Rate est Liqui a is $ ef S Factor 
Prog. Ftg. No. Test No. . di o 
Test Prog temo panes L(b/hr) — Temp.,(7,°F) (sia) psiay i. (bib-mole) Ky (Ib-mole/yr) 
1993 5 61 0.001331 71.11 2.25 14.4 0,042 86.2 3.19 
1993 5 61R 0.002059 771A 2.60 14.4 0.050 86.2 4.21 
1993 5 61RR 0.001419 78.88 271 14.4 0.052 86.2 2.77 
1984 27 15A 0.001296 T7711 2.60 14.4 0.050 86.2 2.65 
Xyep = 3.20 
Sip = 0.503 
Nye = 4 
Calibration Data 
Loss Ra Test Liquid P P - M Loss F 
ss Rate est Liqui ‘a di ey ‘ ss Factor 
Test Prog. Ftg. No. Test No. L (ibyhr) Temp., (7, °F) (psia) pata) ( pe (Ibitb-mole)  K; (lb-mole/yr) 
initial SD-1 Bl Kai 
“- SD-1 B2 Kyp2 
= SD-1 B3 Kyps 
“ SD-1 Bn Ken, 


Variables defined as for Table D-1A. 
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Statistical Calculations: 


CHAPTER 19.3—EVAPORATIVE Loss MEASUREMENT 


Xeqi_ = the mean of the loss factors for the calibration tests, Ky; . 
Neg} = the number of calibration tests, 
Neal 2 3, 
Ss aj = the mean squared error of the calibration tests. 
Neal 
> 2 
¥ (K ypi- Xeal) 
2 f= 
S -i=1 
cal ( Neal 1 ) 


Ss. = the pooled variance. 


cal 


52 = rep Shep # Meas ~ DS, 


p fast 
Nye tN eal 2 


t = the test statistic. 


i Xref -Xeall 


5, Jy, 
Reg Neal 


Degrees of freedom for the student’s t-distribution: ("tyr + Micqi — 2). 


The calibration test is acceptable if: r < 10.95, (n 


Table D-1C—Standard Device Number 1 


ref thea} -2)° 


Deck Leg—EFR Pontoon Area (18-inch sleeve freeboard) No Gasket or Sock 


Wind Speed = 8.5 mph 


Reference Data 
Loss Rate Test Liquid P P. a M 
Test Prog. Fig. No. Test No. -s a ae ; a dimension- ’ 
est Prog g. No. est No L(b/hr) — Temp.,(T.°F)__(psia) (iy Eo (b/ib-mole) 
1993 5 65 0.001632 76.32 255 144 0.049 86.2 
1993 5 65R 0.002677 80.6 2.83 14.4 0.055 86.2 
Xref = 
2 
Sef = 
Nyef = 
Calibration Data 
Loss Rat Test Liquid Pp P a M 
ss Rate est Liqui nee 
Test Prog. Ftg. No. Test No. ; g di: - is 
est Prog g. No est No Ldb/hr) Temp. (F.°F) —_(psia) Gey pies (b/b-mole) 
inital SD1 C1 
“ SD-1 C2 
“ SD-1 C3 
“ SD-1 Cn 


Variables defined as for Table D-1A. 
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Loss Factor 
Ky (ib-mole/yr) 


3.40 
4.99 


4.20 


1.252 
2 


Loss Factor 
K; (b-mole/yr) 
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Statistical Calculations: 


Xcai_ = the mean of the loss factors for the calibration tests, Kici- 
Meal 
aE rc 
X,) = =! 
7 Meat 


the number of calibration tests. 


3, 
= the mean squared error of the calibration tests. 


Neal 


y (K ge; os Xa 


Ss = i=l 


(A<g1— 1) 


cal 


s° = the pooled variance. 


2 
s? < (Hye = 1) Srp + (eat = 1)S cat 


Pp _ 
Nyef + Neal 2 


t = the test statistic. 


Degrees of freedom for the student's ¢-distribution: (tt, + Meqj ~ 2). 


The calibration test is acceptable if: tS fg 95, (, peadgede: 
_ a re; ca 


Table D-1D—Standard Device Number 1 


Deck Leg—EFR Pontoon Area (18-inch sleeve freeboard) No Gasket or Sock Wind Speed = 11.9 mph 
Reference Data 
Loss Ra Test Liquid P P ie M Loss F 
ss Rate est Liqui a : ; fi ss Factor 
x . No. . : di: - 
Test Prog. -Ftg.No. Test No L(b/hr) Temp, (Z°F) —(psia) (osiay Teas) b"Ib-mole) Ky (Tb-mole/yr) 
1993 5 69 0.001821 72.02 2.3 14.4 0.043 86.2 4.26 
1993 5 69R 0.002897 76.82 2.58 14.4 0.049 86.2 5.96 
1993 5 69RR 0.003474 78.12 2.67 14.4 0.051 86.2 691 
1984 27 11 0.001721 66.0 1.98 14.4 0.037 86.2 473 
1984 27 11R 0.001371 68.1 2.09 144 0.039 86.2 3.56 
1984 27 IRR 0.001917 70.9 2.24 14.4 0.042 86.2 4,62 
Xx ref = 5.01 
es ae 1,484 
Neg = 6 
Calibration Data 
P* 
Loss Rate Test Liquid P P, ; Sith M, Loss Factor 
Test Prog. Ftg. No. Test No. L (b/tr) Temp. (7. °F) (psia) (psia) et (Ib/lb-mole) Ky (Ib-moleyr) 
initial SD-1 D1 Kp 
“ SD-1 D2 Kp 
se SD-1 D3 Kyp3 
‘ SD-1 Dn Kyon 


Variables defined as for Table D-1A. 


Copyright por American Petroleum Institute 
Wed Feb 09 16:55:35 2005 


STD-API/PETRO MPMS 19-3 PART H-ENGL 1998 MM 0732290 06113531] 624 


32 CHAPTER 19.3—EVAPORATIVE LOSS MEASUREMENT 
Statistical Calculations: 
Xeq} = the mean of the loss factors for the calibration tests, Kpp;- 
Neal 
x K pi 
Xeal = El 
"eal 
Neg) = the number of calibration tests, 
Neal 2 3, 
s x ai = the mean squared error of the calibration tests. 
"eal 
ee AD 
¥ (K pp; iS Xeat) 
2 i= 
S = bs 1 
cal ("eal -1) 
S’, = the pooled variance. 


SS“ = 
P a 
"yet + Neal 2 


t = the test statistic. 


_ [Xrep ~Xcal 
1 1 
S,|—+— 
Mref Neal 


t 


2 2 
2 (1, 6¢- Sir + (Neat = 1) Scat 


Degrees of freedom for the student’s t-distribution: ("por + eqi— 2) 


The calibration test is acceptable if: ¢ < tg.g5, 


-2 
ref + "cal 2) 


Table D-2A—Standard Device Number 2 


Slotted Guidepole—No Well Gasket, Float, Wiper, or Sleeve Wind Speed = 0 mph 
Reference Data 
LossRate Test Liquid P P. ae M Loss F 
Test Prog. Fig. No. Test No. i ide : a dimension- v Shee 
est Prog. g. No. est No. L (lb/hr) Temp., (T, °F) (psia) (psia) : ca (lb/lb-mole) Ky (Ib-mole/yr) 
1993 1 Z1 0.01445 61.79 1.78 14.4 0.0330 86.2 44.5 
Calibration Data 
Loss Rate Test Liquid P P. oe M, Loss Fi 
SS est Liqui o i aa fF ss Factor 
Te SNe: | eSNG: Lb) Temp, (Z°F) —_(psia) (psia) pero (b/b-mole) —_K;(Ib-mole/yr) 
initial SD-2 Al Kai 
. SD-2 A2 Kan 
3 SD-2 A3 Kus 
S SD-2 An Kyan 
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where 


Loss Rate, L = the slope of the correlated weight loss curve, from the test data (lb/hr). 
(7, °F) = the average temperature of the test liquid, from the test data (°F). 
P the true vapor pressure of the test liquid (psia). 


Pe exp A om ata 
where 


CT, °F) + 459.67 
13.824 for n-hexane. 
6907.2 (°R) for n-hexane. 


(7, °R) is the temperature of the test liquid (°R); (7, °R) 
Ap is a constant (dimensionless). A, 
B, is a constant (°R). B, 


P, = the average atmospheric pressure, from the test data (psia). 
P, for the reference data is taken as 14.4 psia, based on an elevation of 630 ft. for Plainfield, IL. 
P* = a vapor pressure function (dimensionless). 
Pe (P/P,) : 
{14[1-(P/P,)) 7} 


M, = the molecular weight of the test liquid vapor, assumed to be 86.2 Ib/lb-mole for technical grade n-hexane (Ib/lb-mole). 
Loss Factor, Ky = the normalized loss rate on a yearly basis (Ib-mole/yr). 


_ Lx (24 hr/day) x (365.25 days/yr) 


Ky 
(P*)x(M,) 


Statistical Calculations: 


Xai =the arithmetic average (mean) of the loss factors for the calibration tests, Kyj- 


= the mean squared error of the calibration tests. 


n 
= 2 
YK pai- Xeat) 
s i=l 


cal — (eal =a ) 
(S2,,/n cal) =the unbiased estimate of variance. 
t = the test statistic. 


pe [Xcai—Ho| _ [X-ai- Hol _ \X cal Hol 


J variance 1S? Meat Seai/Cl Mea) 


where fy = 44.5 Ib-mole/yr. 
The calibration test is acceptable if: tS to 95 ,_1 « 
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Table D-2B—Standard Device Number 2 


34 

Test Prog. Ftg. No. Test No. 

1993 1 all 

1984 21 all 
oisaralien Fig. No. Test No. 

(in degrees) 

0 SD-2 Bl 

45 SD-2 B2 

90 SD-2 B3 


Average of all orientations, test series Too... cesecscceseseeeesseteceaeacseccenseeceeseeeaeee 


0 SD-2 B4 
45 SD-2 BS 
90 SD-2 B6 


Average of all orientations, test series II 


0 SD-2 B7 
45 SD-2 B8 
90 SD-2 B9 


Average of all orientations, test series TD... esesesssssesssessesessessecueseescesssneseeees 


Variables defined as for Table D-2A. 
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Calibration Data 


Wind Speed = 4.3 mph 


Loss Factor 
K; (Ib-mole/yr) 
... average of all orientations = 2388 
average of all orientations = 2296 
Xref = 2342 
ee 4284 
Nref = 2 
a M, Lew 
(dimension- v ss Factor 
ese) (ibfb-mole) Ky (b-mole/yr) 
Keay 
Kp 
Kips 
_ Kept ® jot K pos) 
3 
Kps 
Kyps 
Kye 
_ Kynat K past K pao) 
a 
Kg 
Kno 
_ K port K poe + K pao) 


nour tnitereshask saceidenuietieste dies weettiaranvielus a bial n Wass K 
{BU 3 


STD-API/PETRO MPMS 19-3 PART H-ENGLE 1994 MM 0732290 061139354 333 


PART H—TANK SEALS AND FITTINGS CERTIFICATION—ADMINISTRATION 


Statistical Calculations: 


Xeq1 = the mean of the loss factors for the calibration test series, Kp; - 
1H 


Y K 5; 


Xoq) = tL 
Neal 
Neal = the number of calibration test series, 
eq = 3, 
2 age cis ‘ 
Sq = the mean squared error of the calibration test series. 
W 
= 2 
»y (K yp; = Xcal) 
2 j=l 
AY = 
cal ( Neal 1) 


S’, = the pooled variance. 

i 8 
2 = rep- 1S, ey + (Meg - 1) cal 
"ref + Aegi~ 2 


t = the test statistic. 


Xre = Xeall 
bp 
e Nef Neal 


t= 
S 


Degrees of freedom for the student’s ¢-distribution: (7tyer+ Megt— 2). 


The calibration test is acceptable if: tS to 95 ( pg) 
nee re, cai 
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Table D-2C—Standard Device Number 2 
Slotted Guidepole—No Well Gasket, Float, Wiper, or Sleeve Wind Speed = 8.5 mph 
Reference Data 
Loss Factor 
Test Prog. Ftg. No. Test No. k; (b-mole/yr) 
1993 1 initial .... average of all orientations = 6563 
1993 1 repeat ..... average of all orientations = 6024 
x ref = 6293 
Sas 72481 
Nref = 2 
Calibration Data 
Orientati LossRate Test Liquid P P ai M Loss F 
entation SS est Liqui a : : v ss Factor 
: Ftg. No. Te , ; dime - 
(in degrees) oe Hato L (lb/hr) Temp., (7, °F) (psia) (psia) ( — (ibfb-mole) —_K, (Ib-mole/yr) 
0 SD-2 Cl Kjci 
45 SD-2 C2 Ko 
90 SD-2 C3 Kya 
Key t Ky t K 
Average of all orientations, test Series [o.....c.ccsccsssssssssssesssenssesssescesscesscecosssscssssesssussscssosssesvenevesevassssvenesacenssesseasaesensstacavavecssaces K fet = a 
0 SD-2 c4 Kjcs 
45 SD-2 C5 Kycs 
90 SD-2 C6 Kye 
Kiacat K eg t K 
Average of all orientations, test series D0 o........cscescesseecsssesssssnsessensssssessssesestensensoresavetecsssesssarausssavssecneecareuesaneueatseseasenseces Kicn = Frcs 7 ss cs) 
0 SD-2 C7 Kjcz 
45 SD-2 c8 Kyjcg 
90 SD-2 co Kycg 
Kye t K prep t K 
Average Of all orientations, test series TD] 0... scssssesssssssessseesssesesesesseessnssesssscensensevecassniesessssseusensuneessensssnessnsesnseseaeesacenase K scm = a 


Variables defined as for Table D-2A. 
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Statistical Calculations: 


Xai = the mean of the loss factors for the calibration test series, Ky. 
Wt 
Dc) 
= 
n 


pet 


cal = 
cal 


Ncqi = the number of calibration test series, 


Neal 3, 
Ss zx ‘aj = the mean squared error of the calibration test series. 
ui 
5 2 
YK pej-Xeat) 
= j=l 
cal (Neat -1) 
Ss = the pooled variance. 
2 2 
s S (Ref - DS, pt (Aegi~ 1)S cai 
E Nef +Negi- 2 


t =the test statistic. 
IX ref — X cal 


gas 
. res Neal 


Degrees of freedom for the student's t-distribution: (trey + Mcgj— 2). 
The calibration test is acceptable if: t < ¢q 95, (n 


t= 


ref +h eg 2)" 
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Table D-2D—Standard Device Number 2 


Slotted Guidepole—No Well Gasket, Float, Wiper, or Sleeve Wind Speed = 11.9 mph 
Reference Data 
Loss Factor 
Test Prog. Fig. No. Test No. K; (b-mole/yt) 
1993 1 all average of all orientations = 7307 
1984 21 all average of all orientations = 8396 
Xyep = 7852 
2 
Sef = 593612 
Nyof ad 2 
Calibration Data 
Orientati Loss Ra Test Liquid P P ie M Loss F 
entation ss Rate est Liqui a : fe. ‘ ss Factor 
Gadegrecsy. TET: Teste L(b/hr)  Temp..(7.°F)—_(psia) (psia) ecg (bAb-mole) Ky (Ib-mole/yr) 
0 SD-2 Di Kp 
45 SD-2 D2 Ka 
90 SD-2 D3 Kp3 
K pn, + K pp t K 
Average of all orientations, test series To... sesso sesseessenesneneseenesveeseaveccsneessesuuessacsecsessesecssssesseasesssusaesssessensessssarseeetone K gp; = Epo **po2* hs) 
0 SD-2 D4 Kya 
45 SD-2 DS Kips 
90 SD-2 D6 Ks 
BK pat K st 
Average of all orientations, test series Wo... esses cesessesecnssessesconesseansnsssssscsussesuesaesesecsesssessanssssecseeacsversaneaseessersssesse K py = (K pos 7 s** po) 
0 SD-2 D7 Kyp7 
45 SD-2 D8 Kips 
90 SD-2 D9 Keo 
K ppp + K eng t+ K 
Average of all orientations, test series TID ............sesssssssssesssssssessssesseatscensscasesssesesnsssessscesessecsssassscanecassasssseasesecaneeases Kp = ort hpi hs 


Variables defined as for Table D-2A. 
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Statistical Calculations: 


Xeai_ = the mean of the loss factors for the calibration test series, Kjpp;- 
ur 


Yk 0 
=. 7 


n 


x 


cal 


Neg] = the number of calibration test series, 
Neat = 3, 


2 
5 cal 


= the mean squared error of the calibration test series. 
ut 


o> 2 
DY (K j0j- Kear) 
52 = 4 


cal ~ (Meal ~1) 


s. = the pooled variance. 


2 2 
st = (n, 44 = 1)S,4¢ + (Negi 184i 
e Nef + Neal ~ 2 
t = the test statistic. 


s Xrep = Xeal 
1 1 


t 


s 
P 
Nef Real 


Degrees of freedom for the student's z-distribution: (tygr+ Negi ~ 2). 


The calibration test is acceptable if: t $ tos, pep + Meas ~2) 
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APPENDIX E—RANGE OF VARIATION IN DEVICE DESCRIPTION 


E.1 General 


This appendix provides procedures for evaluating varia- 
tions in the description of devices proposed for protocol test- 
ing. Device descriptions shall be evaluated for two purposes. 
The first is to determine whether the device is substantially 
similar to any other devices that the petitioner has submitted 
for protocol testing. The second purpose is to identify 
requirements for the construction of the test device. In each 
case, the evaluation shall assess the configuration or arrange- 
ment of parts, the tolerance on dimensions, and the substitu- 
tions of material that may be associated with the device. 


E.2 Substantially Similar Devices 


The API MPMS Chapter 19.3, Part F, Sections 4 and 5 
require the results of all valid protocol tests of a device to be 
included in a certification petition, and the petitioner shall 
identify the device in sufficient detail to distinguish it from 
similar devices. The testing laboratory is to communicate to 
API the existence of any other protocol tests that may be 
deemed to be of the same device. API may also require test- 
ing laboratories to furnish descriptions of other devices sub- 
mitted by the same petitioner for protocol testing. API shall 
then review the differences claimed by the petitioner to deter- 
mine whether any of these other devices are, in API’s judg- 
ment, substantially similar to that included in the certification 
petition. Should API determine that the petitioner has had 
protocol testing performed on substantially similar devices 
that have not been reported in the certification petition, the 
petition shall be deemed incomplete. 

Certification petitions that are approved by API shall result 
in the substantive distinguishing features being included in 
the physical description that is published with the certified 
loss factor for the device. The determination of whether 
claimed differences are substantive will include the consider- 
ations discussed below. 


E.2.1 ARRANGEMENT OF PARTS 


A given device is typically comprised of certain compo- 
nents assembled in a particular arrangement. In order for a 
difference in the configuration or arrangement of the compo- 
nents to constitute a substantially different device, it would 
typically involve a change in one of the following: 
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a. The total length of seams or area of openings. 
b. The presence or absence of gaskets. 
c. The area of liquid surface tributary to openings or seams. 


d. Whether openings or seams are in contact with the liquid 
surface. 


Greater care in the fabrication or assembly of the device 
than that specified in the description of the device or con- 
trolled by the written installation procedure shall not consti- 
tute a substantive difference. 


E.2.2 DIMENSIONAL TOLERANCES 


A given device may consist of the same arrangement of 
parts as another, but differ in its dimensions. Substantive 
dimensional differences would typically involve one of the 
following: 


a. The allowable size of gaps in seams or between parts. 
b, The height of openings or seams above the liquid surface. 
c. The diameter of sleeves or wells. 


Differences in the thickness of material or in the size or 
spacing of fasteners shall not constitute a substantive differ- 
ence unless shown to cause a change in the fit-up of the 
device. 


E.2.3 SUBSTITUTIONS OF MATERIAL 


Substitutions of material would typically only constitute a 
substantive difference if the change involved a difference in 
the permeability of the component to hydrocarbon vapors. 


E.3 Construction of the Test Device 


Chapter 19.3, Part F, 4.2 requires the petitioner to identify 
the range of variation in the device description that is to be 
included in the certification of the loss factor. This range 
includes acceptable tolerances on dimensions, altemate 
arrangements of the parts, and substitutions of material. API 
shall review the range for each parameter and select the 
dimensions and materials that must be used in the test device 
in order to certify the entire range. The options expected to 
result in the greater rate of evaporative loss would typically be 
selected. 


Previous page is blank 


STD-API/PETRO MPMS 19-3 PART H-ENGL 1998 M@@ 0732290 Ob11340 £37 


APPENDIX F—STEADY STATE CONDITIONS 


F.1 General 


The test methods of the API MPMS Chapter 19.3, Parts A 
. through E, specify that the test data to be used in calculating 
the evaporative loss rate shall be measured during a period of 
a steady rate of weight loss. This requirement is in recogni- 
tion of the potential for initial loss rates to be unstable for 
high loss-rate devices, in that rapid cooling of the test liquid 
surface during initial evaporation may cause a decay in the 
rate of evaporation. This appendix provides a method of eval- 
uating whether observed loss rates are steady for the weight 
loss test methods of Chapter 19.3, Parts A and E. The term 
steady, in this context, is understood to mean a nearly-linear 
rate of weight loss over time. 


F.2 Determination of Uncertainty in the 
Loss Rate 


Section B.3.4 summarizes the determination of the loss 
rate, L, by a linear regression of the corrected weight loss, 
W.;, on time, f,,;, resulting in a correlated, or fitted, weight 
loss, W,,; - 
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WwW, 


ai = bmi 
where: 


W,; = correlated, or fitted, value of corrected weight loss at 
time 1,,;, also known as W.: . 


The coefficient of determination, 7, may be used as an 
indication of the proportion of variation in the data that is 
explained by the variable time, t,,;. 


F.3 Test for Stable Conditions 


Stable conditions are determined to have been achieved 
when the loss rate is substantially linear. The stability of the 
loss rate may be estimated for a given period of time by cal- 
culating 7” on the basis of the readings obtained during that 
period. Stable conditions are adequately demonstrated when 
/* determined from six consecutive readings is greater than 
0.95, or some other level approved by API. The readings 
obtained during and subsequent to the period in which sta- 
bility is demonstrated shall then constitute the test data for 
that test. ; 
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APPENDIX G—DE MINIMIS LOSS FACTOR 


G.1 General 


The test methods of the API MPMS Chapter 19.3, Parts A 
through E, are not valid for measuring loss rates lower than 
the specified tolerance of the instruments or, for weight loss 
methods, the observed drift of the load cells or scales. Such a 
lower bound on the validity of the test method may be termed 
a minimum detect level of the test apparatus. The testing lab- 
oratory shall determine and record the minimum detect level 
for each test apparatus certified for use at its facility, 


G.2 Loss Rates below the Minimum 
Detect Level 


When the measured loss rate for a device is below the min- 
imum detect level for the test apparatus, the petitioner may, at 
its discretion, submit a certification petition documenting that 
the loss rate for the device is below the minimum detect level. 
If API determines that the certification petition is in every 
other respect correct and complete, then the device shall be 
certified as having a loss factor equal to the minimum detect 
level. The listing of the device in API’s publication of certi- 
fied loss factors shall duly note that the test results for the 
device were below the minimum detect level. 
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The petitioner also has the option of having the device 
retested using a test apparatus capable of measuring lower 
rates of loss, if such equipment is available and certified for 
use at a certified testing laboratory. A lower minimum detect 
level may be achieved by using more sensitive instruments or 
equipment, instruments characterized by lower drift rates, or 
some other change in the test apparatus. If the results of the 
retest, using a more sensitive test apparatus, are again deter- 
mined to be below the minimum detect level, then the peti- 
tioner may apply for certification at the lower de minimis 
value. If the loss rates measured in the retest are above the 
minimum detect level of the more sensitive test apparatus, 
then the petitioner may submit these test results with a certifi- 
cation petition for a device-specific loss factor. 

All of the test results for the same device must be submit- 
ted with the certification petition, as discussed in E.2 of 
Appendix E. In the event that the measured loss rates are 
below the minimum detect level for one or more test appara- 
tus, however, the petitioner may designate which test appara- 
tus the certification petition is to be based on. Only the results 
of tests using that test apparatus will be included in the data 
base for calculating the certified loss factor. 
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APPENDIX H—UNCERTAINTY IN THE CERTIFIED LOSS FACTOR 


H.1 General 


This appendix provides the procedure to be used in estimat- 
ing the 95% uncertainty parameters of the certified loss factor, 
as required by the API MPMS Chapter 19.3, Part F, Section 7. 
The uncertainty shall be calculated in relation to the reference 
value for the generic version of the device in question, by test- 
ing the null hypothesis that there is no difference between the 
reference value and the average of the test data, at a 0.05 level 
of significance. Reference values at a given wind speed shall 
be the average of the API test values used in the development 
of the generic loss factors, when available, rather than the pre- 
dicted values from the loss factor equation. 

The test for difference shall be applied at the nominal 0 
mph wind speed level for every device, and additionally at the 
nominal 10 mph wind speed level for devices to be certified 
for use with external floating roofs. 


H.2 Calculation Procedure 


This procedure is illustrated for deck fittings in Table H-1. 
The nominal 0 mph wind speed includes all test results at 
wind speeds less than 0.5 mph, and the nominal 10 mph wind 
speed to be used in the evaluation of deck fittings is 8.5 mph. 
The reference value to be used in Table H-1 is selected from 
Table H-2 for the appropriate deck-fitting description and 
wind speed. The results of all tests at the specified wind speed 
for the device in question are then filled in on Table H-1, and 
the statistical calculations performed. If the absolute value of 
the test statistic, t, is less than or equal to the student’s t-distri- 
bution, 1975, ,-1. then there is no difference at that wind 
speed between the reference value and the average value for 
the tested device, at a 0.05 level of significance. 


Table H-1—Comparison to the Generic Loss Factor 


Deck Fitting Description Wind Speed =____ mph 
Reference Value 
Loss Factor 
K; (tb-mole/yr) 
Reference value from Table H-2 for this deck fitting description at this wind speed = 
Test Data 
Loss Rate Test Liquid P P. ae M Loss F 
SS est Liqui a di ene v ss Factor 
Test Prog. Ftg. No. Test No. L Gb/hr) Temp., (F. °F) fosia) (ean) ( ea (btb-mole) K;(lb-mole/yr) 
5 ts SS eee 
i Kp 
2 Kp 
3 Ka 
n Kp 
where 
Loss Rate, L = the slope of the correlated weight loss curve, from the test data (Ib/hr). 
(7, °F) = the average temperature of the test liquid, from the test data (°F). 
P = the true vapor pressure of the test liquid (psia). 
B 
= Sees 
P= exp[A, TF. a 
where 


(T, °R) is the temperature of the test liquid (°R); (7; °R) = (7, °F) + 459.67, 
Ay is a constant (dimensionless). Ap = 13.824 for n-hexane, 
8, is a constant (°R). B, = 6907.2 (°R) for n-hexane. 


P, = the average atmospheric pressure, from the test data (psia). 
P* is a vapor pressure function (dimensionless). 
pes (P/P,) 

0.52 
{1+[1-(P/P,)] "} 
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48 CHAPTER 19.3—EVAPORATIVE LOSS MEASUREMENT 


M, = the molecular weight of the test liquid vapor, assumed to be 86.2 Ib/Ib-mole for technical grade n-hexane (Ib/lb-mole). 
Loss Factor, Kp = the normalized loss rate on a yearly basis (b-mole/yr). 


_ Lx (24 hriday) x (365.25 days/yr) 
(P*)x(M,) 


Ry 
Statistical Calculations: 
X = the arithmetic average (mean) of the loss factors, Kj. 
n 
Ds 


¥ =iel 
n 


S* =the mean squared error. 


YK 


2 i=l 
see (n-1) 


(S77 n) =the unbiased estimate of variance. 


t = the test statistic. 
es [X—Hol z. X— Hd 2 |X -Ho 
{variance Is? /n S/(Jn) 
where jt, = the reference value. 


There is no difference at this wind speed between the reference value and the average value for the tested device, 
at a 0.05 level of significance, if: < to.975,n-1° 


Table H-2—Deck Fitting Reference Values 


O mph 8.5 mph 
Deck Fitting Description Fitting No. Ref Value té«<aStiSS”St*~<CS~*st(Cstsé<Re Vall 
Test No. Test No. 
(b-mole/yr) db-mole/yr) 
Access hatches 
unbolted, ungasketed cover 12 Z16 35.62 44R 97.14 
unbolted, gasketed cover 16 Z20 30.74 56R 84.60 
bolted, gasketed cover - . 1.60 * 1.60 
Fixed-roof support columns 
pipe column; ungasketed sliding cover - 2 31.00 Wa 
pipe column; gasketed sliding cover - ® 35.00 na 
pipe column; flexible-fabric sleeve seal - ks 10.00 nia 
built-up column; ungasketed sliding cover - a 47.00 wa 
built-up column; gasketed sliding cover 7 3 33.00 mwa 
Gauge fioats (automatic gauge) 
unbolted, ungasketed cover 11 Z15 14.09 43R 63.27 
unboited, gasketed cover 15 Z19 4.16 55R 41.38 
bolted, gasketed cover = eS 2.80 * 2.80 
Gauge hatch / sample ports 
weighted lid, ungasketed 9 Z13 2.29 41R 2.44 
weighted lid, gasketed 13 Z17 0.46 53R 0.74 
slit fabric seal (10% open area) 7 a 12.00 n/a 
Vacuum breakers 
weighted lid, ungasketed 10 Z14 7.61 42R 48.46 
weighted lid, gasketed 14 Z18 6.04 54R 15.35 
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PART H—TANK SEALS AND FITTINGS CERTIFICATION—ADMINISTRATION 


Table H-2—Deck Fitting Reference Values (Continued) 


Omph 8.5 mph 
Deck Fitting Description Fitting No. Test No Ref. Value Test No Ref. Value 
7 (b-mole/yr) . (lb-mole/yr) 
Deck drains 
3-inch diameter, open 21 Z21 1.43 77 9.38 
3-inch diameter (10% open area) 22 Z22 1.80 19 2.74 
1-inch diameter, open - : 1.20 wa 
Deck legs—IFR type ~ a 7.90 n/a 
Deck legs—EFR type, double deck & center area of pontoon deck 
ungasketed, no sock 6 Z29R 0.81 88 1.20 
gasketed, no sock - a 0.50 a 0.70 
with sock, no gasket - : 0.50 . 0.70 
Deck legs—EFR type, pontoon area of pontoon deck 
ungasketed, no sock 5 Z25 1,97 65R & 65RR 4.20 
gasketed, no sock 7 Z30 1.32 89 1.52 
with sock, no gasket 8 Z31 1.16 90 1.73 
Rim vents 
weighted pallet, ungasketed - 5 0.70 : 16.00 
weighted pallet, gasketed - # 0.70 2 1.60 
Vertical ladders 
ungasketed sliding cover - = 76.00 nia 
gasketed sliding cover - 2 56.00 Wa 
Unslotted guidepole 
ungasketed sliding cover; no wiper or sleeve 18 27 30.48 18 4153.62 
gasketed sliding cover; no wiper or sleeve 27 Zi1 24.32 31 1064.68 
ungasketed sliding cover with sleeve; no wiper 28 Z10 24.36 32 157.68 
gasketed sliding cover with sleeve; no wiper 19 Z6 8.44 19 80.36 
gasketed sliding cover with wiper; no sleeve 17 Z5 13.39 17 39.13 
Slotted guidepole 
ungasketed sliding cover; no float, wiper, or sleeve 1 Z1 44.41 5p 6297.51 
gasketed sliding cover; no float, wiper, or sleeve 25 Z12 39.77 29> 4699.93 
ungasketed sliding cover; float—no wiper or sleeve 3 Z3 35.11 - 4095.49 
gasketed sliding cover; float—no wiper or sleeve 26 Z9 25.04 26° 2117.61 
gasketed sliding cover, sleeve—no float or wiper 2 72 16.00 6 1971.76 
gasketed sliding cover; float & wiper—no sleeve 4&23 ZA, Z23 20.58 8°, 78° 490.75 
gasketed sliding cover; float, sleeve, & wiper C01, 24,29 CBI4Z, 224, 732 10.79 CBI 3° 80°, 86° 76.74 


*Test data not available—reference values taken from the API MPMS, Chapter 19.2. 
est no. represents a series of tests at multiple orientations. 
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APPENDIX I—METRIC UNITS 


1.1 General 


To convert the inch pound units employed in the text to 
equivalent SI units of the International System of Units, the 
guidelines of the API MPMS, Chapter 15 shall be followed. 
The pertinent conversion factors are summarized in Table I-1 
below. 

The unit of length is either the kilometer, Jan, or the meter, 
m. The unit of mass is the kilogram, kg. The unit of time is 
either the hour, hr, or the year, yr. The unit of temperature is 
the degree Celsius, °C, or the kelvin, K. The unit of electro- 
motive force is the volt, v. 


1.2 Velocity. 
The unit of velocity is the kilometer per hour, kin/h. 


1.3 Pressure 
The unit of pressure is the kilopascal, kPa. 


1.4 Loss Factors 


The text employs the pound-mole per year, designated lb- 
mole/yr, as the unit of loss rate. The loss rate is determined as 
the product of the dimensionless coefficients, P* and K,, 
times a loss factor (Ky or K,) as described in 3.2.2. The loss 
factor (Ky or K, ), while not a loss rate, is also expressed as Ib- 
mole/yr. The equivalent SI unit for the loss rate and the loss 
factor is the kilogram-mole per year, designated dnol/yr. As 
with inch pound units, the loss factor in kmol/yr must be mul- 
tiplied by the dimensionless coefficients P* and K, to obtain a 
loss rate in kmol/yr. 


Table |-1—Metric Conversion Table 


Quantity To convert from: To: Multiply: 
Length foot meter (m) (Length, ft) x 3.048 E-O1 
mile kilometer (km) (Length, mi) x 1.609 344 E+00 
Mass pound kilogram (kg) (Mass, lb) x 4.535 924 E-0l 
Temperature degrees Fahrenheit degrees Celsius (°C) ((Temperature, °F)-32} x 5 lo 
degrees Rankine kelvin (K) (Temperature, °R) x 4g 
Velocity mile per hour kilometer per hour (km/h) (Velocity, mph) x 1.609 344 E+00 
Pressure Ibf / in* absolute kilopascal (kPa) (Pressure, psia) x 6.894 757 E+00 
Loss Factor pound-mole / year kilogram-mole / year (kmoi/yr) (Loss Factor, \b-mole/yr) x 4.535 924 E-Ol 
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The American Petroleum Institute provides additional resources 
and programs to industry which are based on API Standards, 
For more information, contact: 


¢ Training and Seminars Ph: 202-682-8490 

Fax: 202-682-8222 

° Inspector Certification Programs Ph: 202-682-8161 

Fax: 202-962-4739 

e American Petroleum Institute Ph: 202-962-4791 
Quality Registrar Fax: 202-682-8070 - 

¢ Monogram Licensing Program Ph: 202-962-4791 

Fax: 202-682-8070 

e Engine Oil Licensing and Ph: 202-682-8233 

Certification System Fax: 202-962-4739 

e Petroleum Test Laboratory Ph: 202-682-8064 

Accreditation Program Fax: 202-962-4739 


In addition, petroleum industry technical, patent, and business 
information is available online through API EnCompass™. Call 
212-366-4040 or fax 212-366-4298 to discover more. 


To obtain a free copy of the API pCO oem 
Publications, Programs, and Services Ip Petroleum 
Catalog, call 202-682-8375 or fax your Institute 
request to 202-962-4776. Or see the 

online interactive version of the catalog Helping You 
on our World Wide Web site — ee ane 
http:/Avww.api.org. 
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Additional copies available from API Publications and Distribu- 
tion: (202) 682-8375 


Information about API Publications, Programs and Services is 
available on the World Wide Web at: http://Awww.api.org 


Petroleum Washington, D.C. 20005-4070 
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